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ABSTRACT 
Excessive use of poultry manure (PM) on croplands is likely to affect the quality of 
surface and groundwater resources. A three-year study (1998 — 2000) was conducted on nine 
0.4-ha plots and on six 2.1-m^ lysimeters to: (1) determine the movement of nitrate-nitrogen 
(NO3-N). orthophosphate (PO4-P), Escherichia coli. fecal coliform. and fecal streptococcus 
bacteria with surface runoff and subsurface water from plots and lysimeters treated with 168 
kg-N/ha from urea ammonium nitrate (UAN) fertilizer, and 168 and 336 kg-N/ha from PM. 
and (2) predict the impacts of PM and UAN fertilizer application on NO3-N losses with 
subsurface water using GLEAMS model. 
The results of this study show that use of PM in field plots resulted in significantly 
higher com and soybean yields when compared with commercial N fertilizer. The N 
application rate of 336 kg-N/ha from PM resulted in the highest NO3-N and PO4-P 
concentrations in subsurface drain water in comparison with the N application rates of 168 
kg-N/ha from UAN and 168 kg-N/ha from PM. The N application rate of 336 kg-N/ha from 
PM resulted in higher concentration of PO4-P in surface nmoff in comparison with the lower 
N application rate of 168 kg-N/ha. The N application rate of 336 kg-N/ha from PM resulted 
in higher concentrations of fecal streptococcus, Escherichia coli. and fecal coliform bacteria 
in surface and subsurface drain water in comparison with N application rate of 168 kg-N/ha 
from PM or UAN. This study shows that excessive use of PM has an increased pollution 
potential of water resources with NO3-N, PO4-P, Escherichia coli, fecal coliform, and fecal 
streptococcus bacteria 
The GLEAMS model was capable of simulating subsurface drain flow from 
168UAN. 168PM. and 336PM treatments, giving mean differences of -0.05. -0.58. and 0.32 
cm. respectively. The model predicted overall NO3-N concentration in subsurface drain 
water from lysimeters under 168UAN. 168PM. and 336PM treatments reasonably well, 
giving mean differences of -0.43, -0.10. and -0.15 mg/L. respectively. The results also show 
that there were no significant differences (P = 0.05) between measured and simulated NO3-N 
losses with subsurface drain water from 168UAN. 168PM, and 336PM treatments. These 
results show that the GLEAMS model can be used as a viable management and decision­
making tool to assess impacts of alternative N application treatments. 
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CHAPTER 1. GENERAL INTRODUCTION 
INTRODUCTION 
The poultry" industry' is one of the largest and fastest growing sectors of animal 
production in the world, with meat and egg production growing at an annual rate of 
approximately 5% (Sims and Wolf, 1994). In March of 2000, Iowa ranked 2"*^ nationally in 
layer production behind Ohio (Iowa Agricultural Statistics, 2000). The poultry' industry 
produces large volumes of manure, which is generally a combination of the bedding material 
and poultry excreta (Collins, 1996; Wilson et al.. 1998) or a mixture of poultry excreta, 
feathers, waste feed, and bedding material (Evers, 1998; Weaver. 1998). Very often, 
agricultural lands, located near the poultry houses, become disposal sites for large quantities 
of manure. Rapid expansion and concentrated growth of the poultry industry and its 
potential environmental impacts have placed poultry operations under greater public scrutiny 
than in the past. There are three different areas of concern about disposal and/or utilization 
of poultry manure on the land. The primary concem deals with human and animal health in 
terms of water quality. Surface and groundwater concentrations of NO3-N and pathogens are 
of greatest interest because they present potential human and animal health problems. The 
second area of concem. relates to ecological considerations and environmental alterations in 
public waters that may have undesirable effect on aquatic plant and animal populations. The 
third area of concem is agronomic. A major interest among researchers is in the best 
utilization of poultry manure as a source of nutrients for crops and its incorporation into soils 
at levels to provide necessary amounts of available plant nutrients. 
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Therefore, application of poultrj' manure to cropland at the appropriate time, using 
proper management techniques, and in proper amounts, can recycle manure nutrients through 
soil to plants and reduce the need of commercial (inorganic) fertilizers for plant nutrients. 
Proper nutrient management plans can improve water quality by reducing the risk of 
nutrients, organics, and pathogens migrating to surface and groundwater resources. 
DISSERTATION ORGANIZATION 
This dissertation is organized in paper format. The dissertation has five chapters. 
The first chapter includes general introduction to the research topic, organization of the 
dissertation, a literature review, statement of the research problem, and the objectives. 
Chapters 2 through 4 present one paper each, covering specific objectives. 
The second chapter describes the effects of chicken/poultry manure and fertilizer 
application on crop production, NO3-N and PO4-P losses with surface runoff and subsurface 
drain water. The third chapter describes the impacts of poultry manure and N fertilizer 
application on the movement of pathogenic bacteria {Escherichia coli. fecal coliform, and 
fecal streptococcus) with runoff and subsurface drain water. The fourth chapter includes the 
calibration and evaluation of GLEAMS model to investigate the impacts of poultry manure 
and N fertilizer application on NO3-N losses with subsurface drain water. Finally, the fifth 
chapter summarizes the overall conclusions of the study and suggests related topics for fiiture 
research work. References cited in the first chapter are listed at the end of the dissertation. 
J 
LITERATURE REVIEW 
Use of Poultr>' Manure for Crop Production 
Poultn' manure is an excellent source of plant nutrients and its use can be 
incorporated into most fertilizer programs. Historically, poultry manure was carefiilly 
conserved for use as a fertilizer on agricultural lands (Stewart. 1981). For decades, farmers 
have used poultry manure for its plant nutrient value, and poultry producers could sell 
manure to cash crop fanners. Then as supplies of inexpensive commercial fertilizers became 
plentiful, interest in utilization of poultry manure decreased to the point that it was 
considered a nuisance waste to be disposed. It became increasingly difficult to convince 
farmers to buy and use manure on their croplands. Now \\ith the increasing costs and 
tightening supplies of fertilizers and rapidly increasing costs of energy, poultry manure is 
again perceived as an alternative nutrient source and valuable resource (Day. 1983; Fulhage. 
1993). Cropland farmers are willing once again to pay for poultry manure as well as to pay 
higher transportation costs to have the manure hauled and spread on their lands. 
Applying poultry manure to fields provides valuable plant nutrients; improves soil 
tilth, aeration, and water holding capacity; decreases soil erosion potential; and promotes the 
growth of beneficial soil organisms (Edwards and Daniel. 1992; Day. 1983; Fulhage. 1993; 
Hunneycutt et al.. 1988; Wood et al.. 1996). In addition to N, P. and potassium (K). poultry 
manure contains organic matter, calcium (Ca). sulfur (S). boron (B). magnesium (Mg). 
manganese (Mn). copper (Cu), and zinc (Zn) (Fulhage. 1993; Schmitt and Rehm. 1998; 
Sutton and Joem. 1998). This means that application of poultry manure to fields can reduce 
costs of commercial fertilizers. With proper management and utilization, poultry manure can 
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be utilized to not only reduce the need for chemical fertilizers, but also to improve soil 
characieristics for plant growth. 
The importance of poultry manure as a nutrient source for com and small grain crops, 
fruits, and vegetables has been recognized for a long time (Abregts and Howard. 1981: 
Edwards and Daniel, 1992; Huneycutt et al.. 1988; Liebhardt, 1979). PouItr>' manure has 
been reported to increase yields of com (Hileman, 1973). cotton lint (Malik et al.. 1999). rice 
(Sharman and Singh. 1998). and wheat and millet (Abregts and Howard. 1981; Wilson et al.. 
1998). Magid et al. (1998) reported that wheat yield, grain quality, and straw yield improved 
by increasing application rate of poultry manure. Abdel (1998) reported that the number and 
weight of potato tubers per plant increased with high poultry manure application rates. The 
author also pointed out that although high rates of poultry manure increased NO3-N contents 
of tubers, the levels were in the acceptable ranges relative to human health. Bomke and 
Lavkulich (1975) found that heavy application of poultry manure resulted in high yields and 
N concentrations in leaves of raspberries when compared with non-manured raspberries. 
Robertson (1977) reported that NO3-N reached concentrations of 3.3 and 2.0 mg/g in fescue 
grass grown on soils treated with broiler (Gallus gallus L.) manure and moderate N fertilizer, 
respectively. However. Liebhardt et al. (1979) attributed decreased com yields to increased 
soil salinity following annual poultry manure application rates of up to 224 Mg/ha. They 
also found that water-extractable K. was much higher than either Ca or Mg, making K the 
prime suspect for increased salinity associated with poultry manure. Mathers et al. (1975) 
observed that grain-sorghum yields decreased due to the application of 268 or 536 ton/ha 
poultr>- manure as a result of high salt and ammonium-nitrogen (NKj-N) concentrations in 
the root zone. But the authors reported that these high concentrations were temporary, and 
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yields increased the first year after heaw applications of manure were discontinued. Bomke 
and Lavkulich (1975) suggested that forage growTi on soils receiving large amounts of 
poultry manure may have a high K to Mg ratio to warrant an addition of Mg to the feed if the 
forage is fed to beef or dairy cattle. If poultry manure is applied at excessive rates, instead of 
nourishing the crops, the nutrients (N and P) and pathogens in the manure become pollutants 
to surface and groundwater bodies (Cooper et al.. 1984; Fulhage. 1993; Giddens and Bamett. 
1980; Liebhardt et al., 1979). The transport of poultry manure constituents from manure 
application sites into rivers and lakes is of increasing concern in regions having concentrated 
poultry production and intensive farming activities. 
Surface and Groundwater Contamination by Poultry Manure 
High NO3-N concentrations in drinking water are detrimental to infants during the 
first 6 months of life. Infants given baby food and milk mixed with water having high NO3-
N concentration or breast-fed on the milk of mothers who have drunk water having high 
NO3-N concentrations may be at risk of developing a blue-baby disease known as 
methemoglobinemia. The U.S. Environmental Protection Agency has set a drinking water 
standard of 10 mg/L for NO3-N to safeguard against the development of methemoglobinemia 
in infants. Potential surface and groundwater contamination from poultry manure may occur 
from storage of poultry manure or from land application sites (Ritter. 1988; Edwards and 
Daniel. 1992). Municipal wells in some countries have been abandoned due to sustained 
NO3-N concentrations in excess of 60 mg/L (Nicholson et al., 1996). Liebhardt et al. (1979) 
reported that poultry manure applied at a rate of 179 Mg/ha resulted in NO3-N concentrations 
in groundwater ranging from 65 to 174 mg/L at 3-m depth in comparison with 7 to 15 mg/L 
from plots where no manure was applied. Robertson (1977) reported that higher NO5-N 
levels were commonly detected in areas with poultry operations when compared with areas 
that had no poultr\' operations. 
Ritter and Chimside (1984) found that 32% of the wells sampled in an intensive 
groundwater study in coastal Sussex County. Delaware, had average NO3-N concentrations 
above 10 mg/L. The highest NO3-N concentrations occurred in areas with intensive broiler 
production or intensive crop production with excessively drained soils. The authors also 
found that in several areas, NO3-N concentrations in the groundwater decreased as the 
distance from poultry houses increased. Bachman (1984), in the Delmarva Peninsula in 
eastern Maryland, reported higher NO3-N concentrations at sites with urban and agricultural 
land uses and moderately drained soils. Water from wells near poultry houses had the 
highest median NO3-N concentrations of 9.7 mg/L. McLeod and Hegg (1984) found that on 
the average, plots treated with poultry manure contained the second highest concentrations of 
total suspended solids (TSS). total Kjeldahl N (TKN), NH4-N. NO3-N, and PO4-P in runoff 
from the first rainfall, which in some cases exceeded drinking water standards. Edwards and 
Daniel (1992) applied simulated rainfall to fescue plots 1 day following application of 
poultr>' manure. Runoff losses of all constituents investigated increased with simulated 
rainfall intensity and increased approximately linearly with manure application rate. The 
authors also reported that when poultry manure were used to supply N requirements to crops. 
K and P were found to be in excess for bermudagrass, sweet clover, and many field crops. 
Even when poultry manure was applied at agronomic rates (based on N), P was known to 
accumulate in soils (Hileman, 1973), due to differences in proportions of N and P in the 
manure and the proportions in which these nutrients were used by plants. The amount of 
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nutrients found in water is related to the amount of poultry manure applied and the amount of 
nutrients in the soil. Poultry meinure applied to fescue peistures in north Albama increased 
soil P levels 530% to a depth of 46 cm compared with non-manured pastures (Kingerv^ et al.. 
1993). Wood et al. (1996) reported that poultry manure applications increased 
concentrations of soil organic carbon, extractable P. K, Ca. Mg, Cu, and Zn. 
Another major public health concern associated with poultry manure application is 
the bacterial quality of surface and groundwater. More than twenty himian diseases have 
been identified as possibly transferred from animal manures (Azevedo and Stout, 1974). 
Historically, bacterial indicators (fecal coliform and fecal streptococcus) were used to 
monitor the pollution of surface and groundwater from domestic and animal sources. 
Bacterial water quality determines suitabilit>" of water for drinking and recreational uses. 
Drinking water supplies must not contain more than 2.000 colony forming units (cfti)/100 
mL fecal coliform prior to primary treatment, and recreational water must not contain more 
than 200 cfii/lOO mL fecal coliform (for limited contact) (USEPA. 1992). Typically, poultry 
manure contains more than 2,000,000 cfu/lOO mL fecal coliform. Contaminated runoff from 
feedlots. poultry houses, and agricultural lands has high pathogenic pollution potential 
(Miner et al.. 1966; Rhodes and Hrubant, 1972; Yoimg et al., 1980). Potential human health 
hazards from waterbome pathogens can exist in any fecally contaminated water sources, but 
risks have been found to increase substantially when fecal coliform bacteria are above 200 
cfu/lOO mL in runoff water (Geldreich, 1976). Giddens and Bamett (1980) reported that 
runoff from bare plots receiving higher application rates of poultry manure contained 
appreciable coliform bacteria; in some cases, the coliform content exceeded recreational and 
drinking water standards. Evans and Owens (1972) found that bacterial losses with 
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subsurface water were influenced by flow rate of drainage water, number of bacteria in the 
soil profile, soil characteristics, and manure application rate. Fecal contamination of soil and 
subsequent movement of pathogens to groundwater supply also is dependent on the survival 
of the organisms in the soil. Tiedemann et al. (1994) reported that fecal coliform bacteria 
could survive approximately 2 weeks in soil, 6 weeks in water, and about 1 year in manure. 
These factors make it difficult and expensive to predict the extent of groundwater pollution 
by these bacteria. 
Use of Models to Predict Impacts of Poultry Manure Application 
Effective management options to reduce off-site losses of fertilizer and manure 
constituents and associated surface and subsurface water quality have customarily been 
identified through field experiments. However, field experiments are expensive and 
laborious and experimental results, are often site-specific. It is not always possible to extend 
experimental results to scenarios other than that under which the experimental results were 
derived (Edwards and Daniel. 1992). Because the number of variables and permutations of 
variables influential in the transport of fertilizer and manure constituents is too large to rely 
solely on experimental techniques for the identification of effective management options, 
indirect methods must be used to some degree as a substitute for direct observations-
Mathematical simulation models are increasingly being used as methods for investigating the 
effect of a particular management option and extending experimental results to conditions 
different from the experimental site. These mathematical/computer models have been 
developed as inexpensive and time saving tools to predict the effects of various Best 
Management Practices (BMPs) on the environment (Shirmohammadi et al., 1998). 
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Modeling studies have been conducted involving the development and utilization of 
mathematical equations to simulate surface and subsurface drain flow and quality. Skaggs 
(1978) developed a computer simulation model (DRAINMOD) that simulates the movement 
of soil water as affected by various subsurface water-management systems. DRAINMOD 
has been extended ftirther as DRAINMOD-N for predicting N transport, uptake, and 
iransformation in artificially drained soils. The USDA-ARS (1992) developed the Root Zone 
Water Quality Model (RZWQM), which is a field-scale model for simulating the effects of 
various agricultural management practices on water quality. Various versions of the 
RZWQM have been tested and validated for various soil types and management practices 
(Ahuja et al., 1993, 1995; Azevedo et al., 1997; Bakhsh et al., 2000; Ma et al., 1995). Jabro 
et al. (1993) evaluated LEACHM and NCSWAP models for predicting NO3-N leaching 
losses below the 1.2 m-depth fi-om N-fertilized and manured com lysimeters. They reported 
that neither model predicted NO3-N leaching successfully for most of the treatments, with 
LE.ACHM statistically performing better than the NCSWAP model. Other field scale models 
that are used for evaluating the impacts of agricultural management practices on water 
quality include Groundwater Loading Effects of Agricultural Management Systems 
(GLEAMS) (Leonard et al.. 1987), CREAMS (Knisel, 1980), LEACHM? (Wagenet and 
Hutson. 1986), and PRZM (Carsel et al.. 1984). Except for GLEAMS, some of these models 
simulate pesticides only, are simple, or ignore important processes, such as N and P 
transformation processes of animal manure applied to the land. For example, (CREAMS) 
(Knisel, 1980) did not include N fixation by legumes. Thus, crop rotations that included 
legumes required some special considerations in the model application. Also, land 
application of animal wastes required special attention with representation of the organic-N 
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content as potentially mineralizable N. and the NO3-N and NRj-N content represented as 
fertilization. Because of these limitations, models other than GLEAMS were not considered 
in this study. 
The GLEAMS model is a modification of CREAMS model to simulate edge-of-field 
and bottom-of-root-zone loadings of water, sediment. p)esticides. and plant nutrients from the 
complex climate-soil-management interactions (Knisel, 1993). The GLEAMS model is a 
field scale water quality model, which includes hydrology, erosion/sediment, and chemical 
transport submodels. The chemical submodel is composed of plant nutrient and pesticide 
simulation components. Detailed descriptions of the model are found elsewhere (Knisel et 
al.. 1989; Leonard et al., 1987). The plant nutrient simulation component of the current 
model simulates N and P processes. This component includes the major processes and 
transformations of N and P. and considers surface and subsurface pathways to estimate edge-
of-field and bottom-of-root-zone loadings to assess complex management alternatives. The 
major processes include ammonification. nitrification, denitrification. plant uptake, leaching, 
fi.xation. and runoff of N; and mineralization, uptake, leaching, and runoff of P. Management 
alternatives in the model include tillage, fertigation, and land application of animal wastes in 
liquid, solid, or slurry form through irrigation; as well as inorganic fertilizers. The GLEAMS 
model has been validated under different conditions and management practices with varied 
results. 
Shirmohammadi et al. (1998) reported that the GLEAMS model was capable of 
producing reasonable estimates of annual and long-term averages of NO3-N and dissolved P 
losses to drain tiles tmder structiu-ed soils on the Vara Plains of Southwest Sweden. Stone et 
al. (1998) reported that the GLEAMS model simulated groundwater NO3-N concentrations 
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with mean residuals (simulated-observed) of i 1.3 mg/L and ±19 mg/L. respectively, for a 
com/wheat/soybean rotation field and for a Bermuda grass field sprayed with swine wastes. 
Minkara et al. (1995) used the GLEAMS model to predict NO3-N and NRj-N losses with 
surface and subsurface runoff from poultry manure applications. They found large 
differences between observed and predicted data for all manure application rates. Yoon et al. 
(1994) found that GLEAMS simulation of soluble and sediment P losses in surface runoff 
and NO3-N concentration in leachate and soil layers were not consistent with field data from 
poultry manure treatments under com at Belle Mina, Alabama. Bakhsh et al. (2000) found 
that the GLEAMS model simulation results for NO3-N losses were comparable with 
measured NO3-N losses with subsurface drainage water from plots treated with swine manure 
at Nashua. Iowa. The GLEAMS model has been validated for swine manure or poultry 
manure under different soil types and climatic conditions other than in central Iowa. No 
modeling studies had been conducted to simulate the effects of poultry manure application on 
subsurface drain water quality for cornfields in central Iowa. 
Increasing concentrations of poultry operations has made application and disposal of 
large volumes of poultry manure (PM) difficult. In many cases, sufficient land is not 
available for spreading all the PM without adversely impacting surface and groundwater 
resources or creating nuisance conditions for neighbors. In order to minimize environmental 
problems associated with the application of PM to croplands Ritter (1988) suggested BMPs 
such as applying enough manure to meet crop needs, manure nutrient analysis, soil test, 
calibration of manure spreader, and timing of application. In Iowa, information on these 
BMPs is limited. Long-term research was, therefore, needed to understand the effects of 
layer chicken manure on water quality and crop production under Iowa conditions. 
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OBJECTIVES 
The overall objective of this study was to investigate the effects of two N application 
rates from manure obtained from high-rise laying chicken houses and one recommended N 
application rate of commercial N fertilizer on water quality and crop production. The 
specific objectives of the study were to: 
1) determine the transport of NO3-N and PO4-P with surface and subsurface drain 
water from field plots and lysimeters treated with poultry/chicken manure (PM) 
and urea ammonium nitrate (UAN) fertilizer, 
2) determine the transport of bacteria with surface and subsurface drain water from 
field plots and lysimeters treated with PM and UAN fertilizer, and 
3) predict the impacts of poultry manure and UAN fertilizer application on NO3-N 
losses with subsurface drain water using the GLEAMS model. 
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CHAPTER 2. EFFECTS OF LAYING HEN MANURE APPLICATION RATE ON 
WATER QUALITY' 
A paper to be submitted to Transactions of the ASAE 
A.J. Chinkuyu, R.S. Kanwar. J.C. Lorimor, H.Xin. and T.B. Bailey-
ABSTRACT 
Excessive use of animal manure on croplands is likely to impact the qualit>' of 
surface and groundwater resources. A three-year study (1998 - 2000) was conducted on 
nine 0.4-ha plots and on six 2.1 -m~ lysimeters to investigate the effect of two N application 
rates from laying hen manure and one N application rate of urea ammonium nitrate (UAN) 
fertilizer on surface and groundwater quality. Experimental treatments included N 
application rates of 168 kg-N/ha from UAN fertilizer (UANIX). and 168 and 336 kg-N/ha 
from laying hen manure (MNIX, MN2X) to com {Zea mays L). Each N treatment was 
replicated three times on field plots and two times on lysimeters. Subsurface drain and 
runoff water samples were collected and analyzed for nitrate-nitrogen (NO3-N) and 
orthophosphate (PO4-P) during the study period. The results clearly indicate that MN2X 
resulted in the highest NO3-N and PO4-P concentrations in subsurface drain water in 
' Journal Paper No. J-19085 of the Iowa Agriculture and Home Economics Experiment Station. Iowa State 
UniversitN', Ames, lA 50011. Project No. 3415. 
~ The authors are A.J. Chinkuyu. ASAE Student Member, Graduate Research Assistant; R.S. Kanwar, 
ASAE Member Engineer. Professor and Director, Iowa State Water Resources Research Institute: J.C. 
Lorimor. ASAE Member Engineer, Assistant Professor; H. Xin, ASAE Member Engineer, Associate 
Professor. Department of Agricultural and Biosystems Engineering; and T.B. Bailey, Professor, Statistics 
Department, Iowa State University, Ames, IA 50011. Corresponding author: A.J. Chinkuyu, Iowa State 
University, Agricultural and Biosystems Engineering Department, 131 Davidson Hall, Ames, lA 50011; voice: 
(515) 294-4894; Fax: (515) 294-2552; e-mail: acinkuyu@iastate.edu. 
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comparison with MNIX or UANIX. MNIX resulted in significantly lower NO3-N loss 
\\ iih subsurface drain water in comparison with NO3-N loss from the other two N treatments 
(P = 0.05). The use of MN2X resulted in a higher concentration of PO4-P in surface runoff 
in comparison with MNIX. Also, higher PO4-P losses were observed with surface runoff 
water in comparison with subsurface drain water. The use of both MNIX and MN2X in 
field plots resulted in significantly higher com and soybean yields in comparison with 
U.A.N1X. Use of MNIX or MN2X had no significant effects on the quality of com or 
soybean grain (P = 0.05). 
Keywords: lysimeter. NO3-N. laying hen, subsurface drainage 
INTRODUCTION 
The poultry industry is one of the largest and fastest growing sectors of animal 
production in the world, with meat and egg production growing at an annual rate of 
approximately 5% (Sims and Wolf. 1994). In January of 2000. Iowa ranked 2""^ nationally in 
layer production behind Ohio (Iowa Agricultural Statistics. 2000). The poultry industr\' 
produces large volumes of manure, which is generally a combination of the bedding material 
and poultry excreta (Wilson et al.. 1998) or a mixture of poultry excreta, feathers, waste feed, 
and bedding material (Evers. 1998; Weaver. 1998). Poultry manure (PM). as a byproduct of 
broiler and egg production, is typically disposed onto crop and pasture lands near poultry 
production sites. The potential value of PM as a source of plant nutrients provides an 
incentive for utilization of this resource on agricultural lands (Fuihage, 1993). Poultry 
manure as a relatively dilute (or less concentrated) nutrient source compared with chemical 
fertilizers increases the incentive for some farmers to over apply manure on nearby fields, 
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using disposal practices because of the high cost of transporting the product to more distant 
fields. 
The importance of PM as a nutrient source for com and small grain crops, fruits, and 
vegetables has been recognized for a long time (Abregts and Howard. 1981; Edwards and 
Daniel. 1992; Huneycutt et al.. 1988; Liebhardt et al.. 1979; Stewart. 1981; Wood et al.. 
1996). Bui the transport of PM constituents from application sites into downstream rivers 
and lakes is of increasing environmental concern in regions having concentrated poultr\-
production or intensive crop production. A number of studies have shown that if PM is 
applied at excessive rates to cropland, instead of nourishing the crops, the nutrients in the 
manure become sources of pollution (Cooper et al., 1984; Edwards and Daniel. 1992; 
Fulhage. 1993; Giddens and Bamett. 1980; Westerman et al.. 1988). Excessive application 
of PM greatly alters various soil chemical properties such as increase in pH. available P. total 
N. ammonia (NRj'). and NO3-N. which threaten surface and groundwater quality (Ritter. 
1988). Liebhardt et al. (1979) reported that PM applied at a rate of 179 Mg/ha resulted in 
NOj-N concentrations in groundwater ranging from 65 to 174 mg/L at 3-m depth in 
comparison with 7 to 15 mg/L from plots where no manure was applied. 
McLeod and Hegg (1984) found that, on the average, plots treated with PM contained 
the second highest concentrations of total Kjedahl N. NH4-N. NO3-N, and phosphate-
phosphorus (PO4-P) in runoff from the first rainfall, which in some cases exceeded drinking 
water standard. Ritter and Chimside (1984) found that 32% of the wells sampled in an 
intensive groundwater study in coastal Sussex County, Delaware, had average NO3-N 
concentrations above 10 mg/L. The highest NO3-N concentrations occurred in areas with 
intensive broiler chicken production or intensive crop production with excessively drained 
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soils. They also found that in several areas. NO3-N concentrations in the groundwater 
decreased as the distance from poultry houses increased. Bachman (1984). in the Delmar\a 
Peninsula in eastern Maryland, reported that water from wells near poultr>' houses or PM 
disposal sites had the highest median NO3-N concentrations. High concentrations of NO3-N 
in drinking water are detrimental to infants during the first 6 months of life. Infants given 
bab\ foods and milk mixed with water containing high NO3-N or breast-fed on the milk of 
mothers who have drunk high—NO3-N water may be at risk of developing a blue-baby disease 
known as methemoglobinemia. The U.S. Environmental Protection Agency has set 10 mg/L 
as the NO3-N drinking water standard to safeguard against the development of 
methemoglobinemia in infants. 
Because manure application is based on N. long-term application of PM results in 
increased concentrations of P in soils above the range necessary for optimum crop growth 
and also results in increased concentrations of P in surface runoff and subsurface drainage 
water (Sharpley. 1999; Sims, 1986). This issue is critical in regions with sensitive water 
resources located near concentrated livestock operations or intensive farming activities 
(Edwards and Daniel. 1992; McLeod and Hegg, 1984; Sharpley, 1999). When elevated soil 
P levels coincide with zones of surface runoff, elevated soil P levels can account for most of 
the total annual P lost to water bodies (Cooper et al.. 1984). Baker et al. (1975) found that 
the average soluble P concentration in ten tile drains was about 0.09 mg/L. whereas surface 
runoff from com and soybean fields and a pasture averaged 0.38 and 0.96 mg/L, respectively. 
Most previous research and nonpoint source control efforts have emphasized P losses with 
surface erosion and runoff because of the relative immobility of P in soils (Fulhage, 1993; 
Giddens and Bamett, 1980; Westerman et al., 1988). Consequently, P leaching losses to 
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subsurface drain water have rarely been considered important pathways for the movement of 
agricultural P to surface waters. But there are situations where environmentally significant 
leaching of dissolved organic P in the soil profile of agricultural lands has occurred. For 
e.xample. intensively cultivated soils, deep sandy soils, high organic matter content soils, or 
soils with high P concentrations from long-term over fertilization or excessive use of manure 
have the potential of leaching dissolved P to subsurface drain water (Heckrath et al.. 1995; 
Sims and Wolf. 1994). 
Increasing concentrations of poultry operations have made application and disposal of 
large volumes of PM difficult. In many cases, sufficient land is not always available for 
spreading all the PM generated without adversely impacting surface and groundwater 
resources or creating nuisance conditions for neighbors. In order to minimize environmental 
problems associated with the application of manure to cropland. Ritter (1988) suggested 
nutrient management as a possible solution. The author suggested the following best 
management practices (BMPs) to emphasize nutrient management: applying only enough 
manure to be removed by the crop, manure nutrient analysis, soil test, calibration of manure 
spreader, and time of application. These BMPs were suggested because the amount of NO3-
N and PO4-P found in surface and groundwater have been linked to the amount of N and P 
applied on the land (Ritter and Chimside, 1984; Hallberg, 1986). It is, therefore, important to 
determine the right amount of PM that can be applied to achieve the benefits of receiving all 
plant nutrients from the manure and at the same time maintain a clean environment. In Iowa, 
the information on the potential impacts of the application of PM on surface and groundwater 
quality is minimal. Long-term research, therefore, was needed to understand the effects of 
laying hen manure application on water quality for Iowa soils. 
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The overall objective of this study was to determine the effects of two N application 
rates from manure obtained from high-rise laying hen houses and one recommended N 
application rate of urea ammonium nitrate (UAN) fertilizer on the transport of NO:,-N and 
PO4-P with subsurface drain water and surface runoff to larger water bodies in Iowa. 
MATERIALS AND METHODS 
Description of the Experimental Site 
The study was conducted at the Iowa State University's Agronomy and Agricultural 
Engineering Research Center (AAERC) near Ames, Iowa. The site is located on Nicollet 
loam soil formed in glacial till under the prairie vegetation with an organic matter content of 
about 4% and a maximum slope of 1% (Kanwar et al.. 1988). Nicollet soils are characterized 
as being moderately permeable, somewhat poorly drained, producing surface runoff, and 
having high available water capacity and a seasonal high water table. 
Nine 0.4-ha field plots and six 2.1-m" field lysimeters, each with a single subsurface 
drain, were established in 1984 and 1992, respectively. All field plots and lysimeters were 
instrumented with individual sumps and subsurface drainage metering and monitoring 
devices for collecting water samples for water quality analysis. Subsurface drains were 
intercepted at the end of each plot by sumps installed for collecting water samples (Kanwar 
et al.. 1988; Blanchet, 1996). Each sump also was provided with a V-notch weir for 
measuring subsurface drain flows as a fimction of time. No sump was installed in the check 
plot until Fall 1999. Two plots also were instrumented with an H-flume to measure surface 
runoff These H-flumes were installed in plots having two different N application rates from 
PM. Therefore, data on subsurface drain flow rates and surface runoff were collected from 
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the plots as soon as the subsurface drains started flowing in spring or when there was a runoff 
event. Details on the construction of the sumps and subsurface drain water sampling 
procedures are given by Kanwar et al. (1988). 
The lysimeters were constructed in 1992 and are arranged in two rows, spaced at 3.81 
m between rows and between lysimeter boxes within rows. Each lysimeter is 2.28 m long. 
1.5 m deep, and 0.91 m wide. During the construction of the lysimeters, soil was dug using a 
gravedigger and separated into 0.15-m layers for each of the top 0.6 m and then into 0.3-m 
layers down to a depth of 1.6 m. This created a hole in the ground with dimensions of 2.4 m 
long, 1.6 m deep, and 1 m wide. A prefabricated lysimeter box was then placed in this hole. 
A water sump was placed at one end, inside the lysimeter box, and then a 0.1-m-diameter 
porous drain tile was connected to the base of the sump. After the sump and drainage tile 
were installed, the soil was repacked in the lysimeter box layer by layer according to the 
original bulk densities of the vertical soil profile. A detailed description of the lysimeter 
construction and installation is given by Blanchet (1996). 
Experimental Treatments 
Beginning in 1998, com was grown on one-half of the plot and soybeans on the other 
one-half so that corn-soybean rotation could be practiced in the same plot in the same year. 
Com has been grown in all lysimeters since 1993. One-half of each field plot (where com 
was grown in the previous year) was tilled every fall using a chisel plow, which ensured that 
about 30% of the crop residue was left on the surface. There was no fall tillage on the other 
one-half of the plots where soybeans were previously grown. The top 10—12 cm of the 
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lysimeter soil also was tilled using a hand shovel and a rake. Tillage was done in such a way 
thai about 30% of the crop residue remained on the lysimeter surface as well. 
During the three growing seasons (1998 - 2000). N applications to plots and 
lysimeters included 168 kg-N/ha from liquid UAN fertilizer, denoted as UAN IX; 168 kg-
N/ha from laying hen (poultry) manure, denoted as MNIX; and 336 kg-N/ha from laying hen 
(poultr\ ) manure, denoted as iVIN2X. Manure and UAN fertilizer were applied onto subplots 
where com was to be grown (i.e., subplots previously grown to soybeans). One plot was 
used as a control (check) whereby no fertilizer or manure was applied. Table 1 gives the 
characteristics of the manure applied during the three years. The actual amounts of N applied 
to the plots were different from the desired N application rates due to the fact that the N 
content in the manure (determined at the beginning) used in the calibration of the manure 
spreader was different from the N content determined at the time of application. 
Immediately after the application of the manure and UAN fertilizer, the soil was tilled/disked 
to incorporate the manure and UAN fertilizer into the top 10—15 cm of the surface soil in 
order to minimize N loss through volatilization. The three N treatments were randomly 
assigned to lysimeters and field plots. For each growing season, each treatment was 
replicated twice in the lysimeter experiment. In the plots, the MNIX and MN2X treatments 
each were replicated three times. UAN IX was replicated twice and the control (no UAN or 
manure) was replicated once. There was an unbalanced experimental design because the 
water monitoring equipment was preinstalled (1984) in a limited number of plots and also 
due to a lack of additional land. 
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Planting and Harvesting of Corn and Soybeans 
In the field plots, com (Dekalb 580) was grown on one-half of the plots and soybeans 
(Kruger 2426) on the other one-half, so that a corn-soybean rotation could be practiced in the 
same plot. Com was grown on the northem half of the plot during even years and the soybean 
crop was grown on the southern half Manure and UAN fertilizer were applied before 
planting com. Only com (Dekalb 580) was grouTi in the lysimeters and one seed was planted 
per station at a spacing of 0.75 m between rows and 0.2 m between stations, giving a plant 
population of 12 plants per lysimeter. During the 1998 growing season, rodents ate some com 
seeds sowTi in the lysimeters, which required transplantation of com plants to the lysimeters 
from the adjoining field plots. The transplanted com had some stressed growth at the 
beginning of the season. Dates for planting, harvesting, and manure and fertilizer application 
are given in Table 2. Com and soybean yields were determined at harvest time and were 
adjusted to 15.5% moisture content (wet basis). Com and soybean samples also were 
analyzed for oil. protein, and starch contents using near-infrared spectroscopy to determine if 
laying hen manure has any effect on grain quality. 
Analysis of NO3-N and PO4-P in Surface Runoff and Subsurface Drain Water 
Water samples were taken from subsurface drains and lysimeter sumps once a week 
or immediately after rainfall. Lysimeter sumps had to be pumped empty and samples were 
collected near the end of a pimiping cycle to minimize contamination across samples. 
Surface runoff samples also were collected whenever there was a runoff event. The water 
samples were stored at a temperature of 4°C in coolers immediately after collection. Water 
samples were later analyzed for NO3-N in the National Soil Tilth Laboratory in Ames, Iowa. 
NOs-N concentrations in drainage water were analyzed using an automated Technicon 
Autoanalyzer II. Water samples also were analyzed for PO4-P in the Water Quality 
Laboratory of the Agricultural and Biosystems Engineering Department at Iowa State 
University. The PO4-P concentration in the water was determined using the 
Phosphomolybdate Ascorbic Acid method (Hach Co., 1997). 
-Annual NO3-N and PO4-P losses from each subsurface drain or lysimeter sump were 
calculated by summing the product of weekly or monthly total flow and nutrient 
concentration of the sample over the year. This yearly value was divided by the area drained, 
which was assumed to be the length of the subsurface drain multiplied by the subsurface 
drain spacing (36.6 m), to get the nutrient loss per unit area. Flow-weighted average 
concentrations were calculated by summing the monthly or weekly NO3-N and PO4-P losses 
for the period of interest and dividing that siuii by the total flow for that period. 
Analysis of NO3-N Concentration in the Soil 
Soil samples also were taken from field plots and lysimeters before plemting and after 
har\'esting. Before planting, soil samples were taken from subplots where com was to be 
grown and after harvesting, soil samples were taken from subplots where com was grown. In 
the plots, soil samples were taken at depth ranges of 0 - 15, 15 - 30. 30 - 61. 61 - 91. and 91 
-121 cm. In lysimeters, soil samples were taken at depth measurements of 0 - 15, 15-30. 
30-61, and 61-91 cm. Three soil samples were taken from each plot or lysimeter and a 
composite sample for each depth was prepared for the entire soil profile. These soil samples 
were analyzed for NO3-N concentrations to determine if the laying hen manure and UAN 
fertilizer had any effect on the residual soil NO3-N concentrations at the planting and 
harvesting times. 
Analysis of N Concentration in Cornstalks 
Eight-inch segments of cornstalks between 15 and 36 cm above the soil were sampled 
from each plot and lysimeter during harvest. Fifteen samples were collected from each plot 
and twelve samples were collected from each lysimeter. These samples were used to analyze 
N concentration in the stalks. This test was conducted in order to assess the effect of chicken 
manure and UAN fertilizer on the availability of N to the plants. Com plants suffering from 
inadequate N availability remove N from the lower cornstalks and leaves during grain-filling 
period. Com plants that have more N than needed to attain maximum yields, however, 
accumulate nitrate in their lower stalks at the end of the season (Blackmer and Mallarino. 
1996). 
Statistical Analysis 
A randomized unbalanced experimental design was used in the field plot experiment. 
The experiment was unbalanced due to the fact that land was limited and water quality 
monitoring equipment was preinstalled in the field plots. In the lysimeter experiment, a 
complete randomized design was used. Statistical Analysis for Scientists (SAS) 8.1 was used 
to analyze NO3-N and PO4-P concentrations and losses, amount of subsurface drain flow, 
grain quality parameters (oil. starch, protein), stalk N, and yields. The data were subjected to 
analysis of variance and general linear model procedures (SAS Inst., 1985). All statistical 
tests were performed at the significance level of P = 0.05. 
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RESULTS AND DISCUSSION 
Effect of Laying Hen Manure on Crop Yields 
Table 3 shows the yields of com and soybeans from field plots and lysimeters under 
different N treatments. The results in Table 3 show that com yields from plots treated with 
manure were significantly higher in comparison with com yields from check plots or plots 
treated with UAN fertilizer. The presence of P and K in the manure could have contributed 
to higher yields in the manure treatments when compared with the UAN or check plots. The 
data in Table 3 also show that com yields from lysimeters receiving 336 kg-N/ha from 
manure were significantly higher in comparison with yields from the lysimeters treated with 
168 kg-N/ha from UAN fertilizer or 168 kg-N/ha from manure. In 1998. however, com 
yields from some lysimeters were lower in comparison with field plot averages because com 
plants had to be transplanted, which resulted in some stressed growth at the beginning of the 
growing season. Also, the lower com yields from lysimeters could be due to the effect of 
continuous com as opposed to com-soybean rotation in the plots. 
Although soybeans did not receive any N applications, the data in Table 3 also show 
that soybean yields from manure treatments were significantly higher in comparison with 
yields from UAN or check plots. The effect of manure on soybean yields started showing up 
in 2000. In 1999 and 2000. soybean yield response possibly could be due to the carryover 
soil N from N applications in 1998 and 1999. An analysis of grain quality shows that 
application of manure to plots and lysimeters had no significant effect on the quality of 
soybeans or com grains in terms of protein, starch, and oil contents (Table 4). But the results 
do show that in 1999 starch content in com grains from lysimeters and protein content in 
soybeans were relatively higher (not significant) when compared with the results of 1998 and 
2000. 
The results given in Table 4 show that there were no significant differences in the 
concentration of N in cornstalks from all lysimeters. Comstalks from lysimeters under all N 
treatments had stalk N concentrations less than 250 ppm, which is a low category. The low 
categor>' indicates high N losses through subsurface drainage and high probabilit\' that 
greater availability of N would result in higher yields. The low N concentrations in 
comstalks from lysimeters could be due to the effect of continuous com. which needs more N 
application in comparison with N requirements under corn-soybean rotation. Comstalks 
from plots treated with MN2X had significantly higher N concentrations (greater than 2000 
ppm. which is the excess category) when compared with other N treatments. This was due to 
the fact that excessive application of PM to the plots resulted in more N in the soil than the 
crop would need. Comstalks from plots treated with MNIX had optimal stalk N 
concentrations (700 - 2000 ppm), whereas comstalks from plots treated with UANIX had 
marginal stalk N concentrations (250 - 700 ppm). The low N concentrations in the stalks 
from the UAN treatment would be due to high N losses; hence, com plants had inadequate N 
availability and consequently resulted in low yields (Blackmer and Mallarino, 1996). 
Effect of Laying Hen Manure on Soil NO3-N Concentration 
Analysis of soil samples for NO3-N concentration gave considerable variability 
among N treatments both before planting and after harvesting (Table 5). In the lysimeter 
experiment, the NO3-N concentrations in the soil decreased between planting and harvesting 
in 1998 due to plant uptake and leaching losses. The soil NO3-N concentration continued to 
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decrease between the time of harvesting in 1998 and the time of planting in 1999. The 
concentration of NO3-N in the soil increased between May (planting) and October 
(harvesting) 1999. As expected, the NO3-N concentrations in the topsoil layers were higher 
than those in the lower layers. Similarly, soil NO3-N concentrations in the plots decreased 
between the time of planting and harvesting and increased between harvesting and planting 
during the three seasons. The increase between the harvesting and planting time was due to 
mineralization of the organic N pool in the soil. Generally, the plots and lysimeters receiving 
MN2X had higher soil NO3-N concentrations in comparison with the other N treatments. 
Effect of Laying Hen Manure on Surface Runoff and Subsurface Drain Water Flow 
The long-term (40-year) average annual precipitation at AAERC is about 81.0 cm. 
Annual precipitation during 1998. 1999, and 2000 was about 80. 95. and 68 cm. respectively. 
As would be expected, the timing and amount of rainfall during the growing season greatly 
affected the volume of water as well as the amount of chemicals moving through the soil 
profile and into the subsurface drain flow. High rainfall amounts in 1998 and 1999 produced 
high subsurface drain water in the field plots when compared with the amount of rainfall in 
2000. The results in Table 6 show that plots treated with UANIX or MN2X gave the highest 
three-year average subsurface drain flow in comparison with plots treated with MN1X. The 
year 2000 was relatively dry compared with 1998 and 1999 such that only four tile drains 
flowed (one from each treatment). Although slight differences in topography existed from 
plot to plot, a large portion of the variation in total subsurface drain flow from plots could 
have been caused by different hydraulic properties of the soil layers. Variable conductivities 
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would affect the proportion of percolating water through soil profile to the water table, which 
is intercepted by the subsurface drains. 
Four. five, and three runoff events occurred in field plots in 1998. 1999. and 2000. 
respectively. The runoff events that occurred in 2000 were not measurable by the flow 
recorder. The data in Table 6 show that in 1999. plots treated with MNIX produced 
relatively higher runoff amounts in comparison with runoff amounts from plots treated with 
MN2X. The amounts of runoff from plots were generally low due to the high infiltration rate 
of the soil and the gentle slope of the area (generally less than 1%). The overall results show 
that there were no significant differences in runoff amounts between the two PM (MNIX and 
MN2X) treatments. 
The results presented in Table 7 show that in 1998. lysimeters treated with manure 
produced lower amounts of subsurface drain water when compared with lysimeters treated 
with UAN fertilizer. In 1999, lysimeters treated with MN2X and UANIX produced higher 
amounts of subsurface drain water when compared with lysimeters treated with MNIX. 
which may be the result of better infiltration rates in the MN2X lysimeters. In 2000. there 
were no significant differences in the amount of subsurface drain water from all treatments. 
After three years of study, the results show that there were no significant differences in the 
average amount of subsurface drain water from all the treatments. The overall results 
indicate that higher subsurface drain flows were produced firom lysimeters when compared 
with field plots. This was due to the fact that no surface runoff occurred in the lysimeters. 
and lysimeters were sealed at the bottom and on the sides resulting in most of the subsurface 
drain water getting collected in the sumps. 
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Effect of Laying Hen Manure on NO3-N Concentration in Surface Runoff and 
Subsurface Drain Water 
The results in Table 6 show that during the study period (1998 - 2000). plots 
receiving MNIX or UANIX had significantly lower NO3-N concentrations in subsurface 
drain water in comparison with plots treated with MN2X. The concentration of NO3-N in 
subsurface drain water from plots treated with MN2X was higher in 2000 when compared 
with 1998 and 1999. These results agree with the results of Kanwar and Baker (1991) who 
reported an increase in NO3-N concentration with a decrease in subsurface drain water. The 
data presented in Table 6 show that during the three years of study, there were no significant 
differences in NO3-N concentration in runoff water from plots treated with MNIX and 
N'rN2X. In 1998. however, the average concentrations of NO3-N in runoff water were greater 
ihan 10 mg/L. whereas in 1999 and 2000 the NO3-N concentrations were less than 10 mg/L 
for both N treatments from manure. Analysis of NO3-N losses with subsurface drain water 
shows that during the study period, plots treated with UANIX or MN2X produced 
significantly higher NO3-N losses with subsurface drain water when compared with plots 
treated with MNIX (Table 6). In 2000. the total losses of NO3-N from all N treatments were 
low due to low subsurface drain flows. As expected, NO3-N losses with surface runoff were 
not as high as NO3-N losses through subsurface drain flow. 
In 1998, lysimeters treated with UANIX or MN2X resulted in significantly higher 
NO3-N concentration in subsurface drain water in comparison with lysimeters treated with 
MNIX (Table 7). In 1999, lysimeters treated with MNIX or UANIX consistently gave 
average NO3-N concentration in drain water less than 10 mg/L. Similar results were 
obtained in 2000. Overall results show that lysimeters treated with MNIX gave lower NO3-
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N concentrations in subsurface drain water when compared with the other N treatments. The 
r e s u l t s  g i v e n  i n  T a b l e  6  a l s o  s h o w  t h a t  d u r i n g  1 9 9 8 .  l y s i m e t e r s  t r e a t e d  w i t h  U A N I X  o r  
MN2X produced significantly higher NO3-N loss with subsurface drain water when 
compared with lysimeters treated with MNIX. In 1999, lysimeters treated with MN2X 
produced significantly higher NO3-N loss when compared with the other N treatments. In 
2000. there were no significant differences in NO3-N loss fi-om all treatments. Overall results 
show that lysimeters treated with MNIX had the lowest three-year average NO3-N loss with 
subsurface drain water in comparison with NO3-N losses from the other treatments. 
The amount of subsurface drain water and chemical concentrations in the drain water 
determine the total amount of chemical loss with subsurface drain water. The higher losses 
of NO3-N from plots and lysimeters treated with UANIX may be due to the fact that N from 
UAN fenilizer is in the inorganic form and could be available for leaching. During the 
second year of application, relatively higher losses of NO3-N were observed from plots and 
lysimeters treated with MN2X compared with the first year. The high NO3-N losses from 
high manure application rate suggest that N was applied in excess of plant N requirements. 
These results are consistent with those of Kingery et al. (1993) and Wood et al. (1996) who 
found that pasture and com receiving high, long-term applications of PM had high 
concentrations and losses of NO3-N with drainage water. The higher NO3-N concentrations 
in the subsurface drain water indicate a high pollution potential of water resources with NO3-
N from plots and lysimeters treated with either UAN fertilizer or the higher manure 
application rate. 
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Effect of Laying Hen Manure on PO4-P Concentration in Surface Runoff and 
Subsurface Drain Water 
The data presented in Table 8 show that application of MN2X resulted in 
significantly higher PO4-P concentrations in subsurface drain water when compared with the 
application of UANIX or MNIX. On several occasions during the study period, field plots 
treated with MN2X resulted in higher concentrations of PO4-P (greater than 0.02 mg/L) in 
subsurface drain water when compzired with the other N treatments. These results also show 
that the concentrations of PO4-P in subsurface drain water from plots receiving MNIX or 
UANIX were mostly less than 0.02 mg/L, except on a few occasions. In addition, the data 
presented in Table 8 show that plots treated with MNIX gave the lowest PO4-P loss with 
subsurface drain water in comparison with plots treated with UANIX or plots treated with 
MN2X. Application of MN2X resulted in higher PO4-P concentrations and PO4-P losses 
with surface runoff water when compared with MNIX. No PO4-P losses were computed in 
2000 due to the lack of data on runoff volumes, and no PO4-P losses were determined from 
sediments because runoff samples had little or no sediments. 
Lysimeters treated with UANIX resulted in relatively higher PO4-P concentration and 
PO4-P loss with subsurface drain water when compared with the PM treatments (Table 9). 
Lysimeters treated with MNIX consistently resulted in the lowest weekly PO4-P 
concentration in subsurface drain water when compared with other N treatments. These 
results also show that subsurface drain water from lysimeters had higher PO4-P 
concentrations when compared with PO4-P concentrations in subsurface drain water from 
plots. This could be due to the fact that in the lysimeters, PO4-P traveled short distances to 
reach the drains whereas in the plots, PO4-P traveled long distances thereby very likely to be 
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deposited/trapped in the soil profile. In general, the results indicate that PO4-P 
concentrations in surface runoff were higher when compared with PO4-P concentrations in 
subsurface drain water from the plots and lysimeters. This was due to the fact that 
phosphorus is immobile in the soil profile. These results agree with previous studies (Baker 
et al.. 1975) that reported higher PO4-P concentrations in surface runoff water in comparison 
with subsurface drain water. 
CONCLUSIONS 
A study was conducted to determine the impacts of laying hen manure on the 
transport of NO3-N and PO4-P with subsurface drain water and surface runoff from field 
plots and lysimeters. Comparisons were made between the N application rates of 168 and 
336 kg-N/ha from laying hen manure and the N application rate of 168 kg-N/ha from UAN 
fertilizer. The following conclusions were drawn from this study: 
1. The N application rate of 336 kg-N/ha from laying hen manure resulted in the highest 
NO3-N and PO4-P concentrations in subsurface drain water in comparison with the N 
application rates of 168 kg-N/ha from UAN fertilizer and 168 kg-N/ha from laying hen 
manure. The N application rate of 168 kg-N/ha from manure resulted in significantly 
lower NO3-N loss with subsurface drain water in comparison with NO3-N loss from the 
other two N treatments. 
2. The N application rate of 336 kg-N/ha from laying hen manure resulted in a higher 
concentration of PO4-P in surface runoff than the lower N application rate of 168 kg-N/ha 
from laying hen manure. Higher concentrations of PO4-P were observed in surface 
runoff when compared with PO4-P concentration in subsurface drain water. 
3. The use of laying hen manure in field plots resulted in significantly higher com and 
soybean yields when compared with commercial N fertilizer treatment. Also, application 
of manure to lysimeters at a rate of 336 kg-N/ha resulted in significantly higher yields in 
comparison with the N application rates of 168 kg-N/ha from UAN fertilizer or 168 kg-
N/ha from laying hen manure. Application of manure did not result in any significant 
effect on the quality of com and soybean grains in terms of protein, oil. and starch 
contents. 
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Table I. Characteristics of the laying hen manure applied during the study period. 
Nitrogen treatments for three years 
Characteristics MNIX MN2X 
1998 1999 2000 1998 1999 2000 
Plots: 
.A.verage manure application rate, kg/ha 10847 10337 6093 23613 15248 12187 
Average N application rate. kg-N/ha*^ 115 219 117 254 324 324 
Total kjedhal N (TKN), %N 1.49 2.98 2.68 1.51 2.98 3.73 
Ammonia CNH3). %N 1.11 0.74 0.72 0.52 0.82 0.78 
Total Phosphorus. % P 1.00 4.37 3.94 0.94 4.21 3.76 
Potassium. %K 1.43 2.29 2.41 1.25 1.86 2.25 
Moisture content. % 48 45 47 55 32 
Lvsimeters: 
Average manure application rate, kg/ha 15714 7952 6000 31714 15905 12000 
Average N application rate, kg-N/ha' 167 169 162 337 338 325 
Total Kjedhal nitrogen (TKN), %N 1.49 2.98 3.80 1.49 2.98 3.80 
Ammonia (NH3). %N 1.11 0.82 0.66 1.11 0.82 0.66 
Total Phosphorus. % P 1.00 4.21 3.73 1.00 4.21 3.73 
Potassium. %K 1.43 1.86 2.37 1.43 1.86 2.37 
Moisture content. % 48 55 28 48 55 28 
* Assumed 5% N lost during application; 75% N available during the first year. In subsequent 
N'ears no credit was given for residual N from the manure or N from soybeans. 
Intended N application rates from layer manure were 168 kg-N/ha and 336 kg-N/ha. however, 
actual N application rates averaged NWIX = 150 kg-N/ha and MN2X = 300 kg-N/ha for the 
plots; MNIX = 166 kg-N/ha and MN2X = 333 kg-N/ha for the lysimeters. 
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Table 2. Dates of field activities in plots and lysimeters in 1998. 1999. and 2000. 
Activity Field plots Field lysimeters 
1998 1999 2000 1998 1999 2000 
Fertilizer/manure 
application 1 May 4 May 13 April 20 May 5 May 14 April 
Incorporating manure 
I May 4 May 13 April 20 May 5 May 14 April 
Planting com 8 May 10 May 8 May 21 May 10 May 8 May 
Planting soybean 8 May 10 May 8 May - - -
Cultivating in com 
plots 23 June 16 June 13 June 20 June 29 June 13 June 
Cultivating in 
soybean plots 9 July 28 June 13 June - - -
Harvesting soybeans 28 Sept. 12 Oct. 20 Sept. - - -
Harv esting com 19 Oct. 14 Oct. 20 Sept. 5 Oct. 12 Oct. 21 Sept. 
Cuning stalks 25 Oct. 18 Oct. - - - -
Chisel plowing/ 
primary tillage 6 Nov. 12 Nov. - 20 May 5 May -
Table 3. Com and soybean yields from plots and lysimeters under different N treatments during 
the study period. 
Nitrogen treatments 
Year Check plot^ UANIX MNIX MN2X 
kg/ha 
Corn from plots; 
1998 4085c* 8414b 9448a 9138a 
1999 5460c 9131b 10479a 10636a 
2000 6548c 8754b 10115a 10058a 
Three-year average 5364c 8766b 10014a 9944a 
Soybean from plots: 
1998 3567a 4083a 3966a 4303a 
1999 3526a 3652a 3930a 3975a 
2000 2333c 2778b 3355a 3372a 
Three-year average 3142c 3504bc 3750a 3883a 
Corn from lysimeters: 
1998 
-« 3798c 5460b 9790a 
1999 - 7450b 8603a 10003a 
2000 
- 5989b 7003b 9967a 
Three-year average 
- 5746b 7022b 9920a 
# Check plot: 0 kg-N/ha; UANIX: 168 kg-N/ha from UAN fertilizer; MNIX: 168 kg-N/ha from 
layer hen manure; MN2X; 336 kg-N/ha from layer hen manure. 
* Values in the same row followed by the same letter are not significantly different at 
significance level of P = 0.05. * - means no data. 
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Table 4. Concentration of N in cornstalks, and quaiit>' of com and soybean grains from plots 
and lysimeters under different N treatments. 
Plot experiment Lysimeter experiment 
CHECK# UANIX MNIX MN2X UANIX MNIX MN2X 
QtolU KJ ppm 
1998 38 186 763 3299 19 9 100 
1999 15 784 2686 3895 5 6 13 
2000 
-* - - - - - -
Avg. 27c* 485c 1724b 3597a lid 7d 51c 
„ 0/ I 1 /O 
1998 5.6 7.0 6.7 7.3 9.1 7.8 8.6 
1999 6.3 7.1 7.3 7.6 6.6 5.6 7.0 
2000 7.6 8.7 8.4 8.6 8.8 7.0 8.1 
Avg. 6.5a 7.6a 7.5a 7.8a 8.1a 6.8a 7.9a 
Starch 
1998 62.0 61.7 61.7 61.4 61.1 61.7 61.3 
1999 62.4 61.7 61.3 61.3 62.3 63.0 62.0 
2000 61.0 60.0 60.6 60.3 60.4 61.5 61.0 
Avg. 61.8a 61.1a 61.2a 6I.0a 61.2a 62.0a 61.4a 
Oil 
1998 3.5 J.J 3.5 3.5 2.9 3.2 3.1 
1999 3.8 3.7 3.9 3.8 3.7 3.9 3.7 
2000 2.9 3.1 3.1 3.1 2.7 2.8 2.6 
Avg. 3.4a 3.3a 3.5a 3.4a 3.1a 3.3a 3.1a 
Sovbeans 
Protein % 
1998 35.8 35.7 35.7 35.4 
1999 36.3 36.1 36.0 36.0 
2000 - - - -
Avg. 36.1a 35.9a 35.9a 35.9a 
Oil 
1998 18.8 18.1 18.1 18.0 
1999 16.4 16.3 16.4 16.3 
2000 - - - -
Avg. 17.6a 17.2a 17.3a 17.2a 
# CHECK: 0 kg-N/ha; UANIX: 168 kg-N/ha from UAN fertilizer; MNIX: 168 kg-N/ha 
from layer hen manure; MN2X: 336 kg-N/ha from layer hen manure. * Values in the same 
row followed by the same letter are not significantly different at significance level of P = 
0.05. * - means no data. 
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Table 5. Average NO3-N concentrations in the soil profile in field plots and lysimeters before 
planting and after harvesting during the study period. 
Nitrogen treatments 
Sampling 
date 
Field plots Lysimeters 
Depth Check* UANIX MNIX MN2X UANIX MNIX MN2X 
Before cm — NO3-N concentration, ppm 
planting 0-15 13.00 16.23 16.45 17.85 8.32 15.73 12.30 
May 1998 15-30 3.10 5.75 6.30 6.95 8.32 15.73 12.30 
30-61 1.10 3.60 2.70 2.73 4.34 5.54 6.14 
61-91 0.88 0.55 0.93 4.69 3.52 6.06 
91-120 - - -
-
- 8.28 -
After 0-15 7.90 10.00 11.40 16.92 4.67 5.33 8.20 
harvesting 15-30 4.90 9.16 7.09 18.48 4.35 5.71 8.71 
Oct. 1998 30-61 1.13 3.28 3.65 18.54 3.73 3.53 4.39 
61-91 1.00 2.26 2.60 5.78 2.94 2.95 3.89 
91-120 - 1.26 1.12 1.49 2.21 1.84 3.09 
Before 0-15 15.95 35.79 10.79 12.73 3.80 2.55 1.85 
planting 15-30 5.46 15.74 4.86 5.38 3.15 3.35 2.85 
May 19^99 30-61 4.21 9.51 5.19 4.81 2.85 3.58 2.55 
61-91 4.16 4.94 4.21 3.30 3.50 3.50 3.15 
91-120 2.34 3.03 2.94 2.51 2.25 2.20 3.10 
.After 0-15 2.30 7.95 7.67 13.30 4.75 5.55 10.50 
harvesting 15-30 1.20 2.95 2.40 5.67 1.55 1.15 1.75 
Oct. 1999 30-61 1.00 2.23 1.00 6.40 0.60 1.00 0.60 
61-91 - 1.13 5.60 - - -
91-120 - 3.30 1.57 2.87 -
- -
* Check; 0 kg-N/ha; UANIX: 168 kg-N/ha fi-om UAN fertilizer; MNIX; 168 kg-N/ha from 
layer hen manure; MN2X: 336 kg-N/ha from layer hen manure. * — means no data. 
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Table 6. Monthly subsurface drain flow. NO3-N concentrations, and losses v\ith subsurface 
drain and surface runoff water from plots under different N treatments. 
Year and Tile flow (cm) NO3-N concentration (mg/L) NO3-N loss (kg/ha) 
month UANIX* MNIX MN2X CHECK UANIX MNIX MN2X UANIX MNIX MN2X 
Subsurface drain water 
1998: Mar. 1.6 0.7 1.3 17.0 9.2 13.7 2.6 0.7 1.6 
•Apr. 1.9 3.2 5.5 - 16.3 12.6 17.8 2.8 4.5 11.2 
May 3.2 2.2 4.9 - 18.3 13.3 17.3 5.7 2.9 7.9 
June 11.5 6.5 lO.O - 20.8 17.5 23.8 24.3 13.7 24.7 
July 6.0 3.5 2.8 - 19.3 15.9 22.3 11.8 5.7 5.6 
Avg. ; 24.1a' 16.1b 24.5a - 18.9a 14.6b 20.2a 47.1a 27.5b 51.0a 
1999: Apr. 5.4 3.4 4.9 _ 19.2 19.4 32.1 10.3 6.5 17.0 
May 5.2 4.1 5.0 - 21.9 22.9 31.4 12.0 9.3 15.9 
June 7.6 3.9 5.0 - 22.6 22.2 31.6 17.2 8.2 16.3 
July 1.3 0.6 2.0 - 21.5 15.6 28.7 1.4 1.1 5.5 
Aug. 0.3 0.5 0.5 - 12.4 10.9 23.7 0.7 0.6 0.9 
Avg. 19.8a 12.5b 17.4b - 20.8b 20.3b 30.9a 41.6a 25.7b 55.7a 
2000: Mav 0.7 0.1 0.2 11.4 14.6 13.6 40.3 1.0 0.2 0.8 
June 1.6 0.4 1.4 7.8 23.1 15.7 46.4 3.8 0.6 6.9 
July 0.02 0.03 0.1 6.7 23.5 12.1 46.3 0.1 0.01 0.2 
Avg. 2.3a 0.6a 1.6a 9.0d 21.0b 14.3c 44.1a 4.8a 0.9b 7.9a 
3-year avg. 15.4a 9.7b 14.5a 9.0c 19.9b 17.1b 26.8a 31.2a 18.0b 38.2a 
Runoff water: 
1998: Mav - 0.5 0.7 - - 13.1 13.2 - 0.6 0.9 
June - 1.1 1.1 - - 14.7 15.1 - 1.6 1.7 
July - 0.7 0.7 - - 16.3 17.5 - 1.1 1.2 
Aug. - 0.4 0.4 - - 11.0 11.7 - 0.4 0.5 
Avg. - 2.5a 2.9a - - 13.8a 14.4a - 3.6a 4.3a 
1999: June 
- 2.5 1.6 - - 5.2 7.1 - 1.3 1.1 
Aug. - 0.3 0.2 - - 3.0 4.4 - 0.1 0.1 
Avg. - 2.7a 1.8a - - 4.7a 6.5a - 1.4a 1.2a 
2000: Mav 
- -
- - - 0.6 1.8 - - -
Avg. - - -
-
- 0.6b 1.8a - - -
3-year avg 
- 2.6a 2.4a - - 6.7a 8.0a - 2.5a 2.8a 
* Check: 0 kg-N/ha; UANIX: 168 kg-N/ha from UAN fertilizer; MNIX: 168 kg-N/ha from 
layer hen manure; MN2X: 336 kg-N/ha from layer hen manure. 
Mean values for each variable in the same row followed by the same letter are not 
significantly different at significance level of P = 0.05. • - means no data. 
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Table 7. Monthly subsurface drain flow. NO3-N concentrations, and losses with subsurface 
drain water from lysimeters under different N treatments. 
Year and Tile flow (cm) NO3-N concentration NO3-N loss (kg/ha) 
month (mg/L) 
UANIX* MNIX MN2X UANIX MNIX MN2X UANIX MNIX MN2X~ 
Subsurface drain water 
1998 
May 1.9 1.3 1.7 9.0 2.3 13.3 1.5 0.3 2.5 
June 22.1 16.9 19.9 15.5 9.6 20.6 32.9 18.6 40.5 
July 4.0 2.5 3.0 21.1 14.3 32.2 8.2 3.6 9.3 
-Annual 28.0a' 20.6b 24.6b 15.3a 8.7b 22.0a 42.6a 22.4b 52.3a 
1999 
.April 7.8 6.2 6.5 8.6 9.5 20.7 6.7 5.8 13.3 
May 9.3 7.5 10.5 9.5 10.3 19.1 8.7 8.1 18.6 
June 12.9 11.5 14.0 8.3 9.7 14.2 10.6 10.7 19.3 
July 3.1 2.2 2.9 9.4 7.5 12.1 2.9 1.8 3.5 
August 1.1 1.1 1.2 10.1 10.0 14.8 1.1 1.1 1.7 
Annual 34.2a 28.5b 35.0a 9.2b 9.4b 16.2a 29.9b 27.5b 56.4a 
2000 
May 2.4 2.7 2.6 4.4 4.3 9.3 1.1 1.1 2.4 
June 4.3 4.7 6.0 7.3 4.3 10.7 2.9 1.9 6.4 
July 0.5 0.5 0.8 9.5 4.7 11.7 0.5 0.2 0.9 
Annual 7.2a 7.8a 9.3a 7.1b 4.4c 10.6a 4.5b 3.3b 9.7a 
3-year avg. 23.1a 18.9a 23.0a 10.5b 7.5c 16.3a 25.7b 17.7c 39.5a 
* UANIX: 168 kg-N/ha from UAN fertilizer; MNIX: 168 kg-N/ha from layer hen manure; 
MN2X; 336 kg-N/ha from layer hen manure. 
Mean values for each variable in the same row followed by the same letter are not 
significantly different at significance level of p = 0.05. 
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Table 8. Average PO4-P concentrations and losses with subsurface drain and surface runoff 
water from plots under different N treatments. 
Year and PO4-P conc. (mg/L) PO4-P loss (kg/ha) 
month CHECK* UANIX MNIX MN2X UANIX MNIX MN2X 
Subsurface drain water 
1998: Apr. 
-* 0.022 0.025 0.025 0.0015 0.0020 0.0042 
May - 0.025 0.022 0.053 0.0054 0.0054 0.0138 
June - 0.014 0.014 0.016 0.0178 0.0107 0.0099 
July - 0.007 0.015 0.009 0.0052 0.0016 0.0019 
Avg. - 0.016b' 0.016b 0.022a 0.0299a 0.0197a 0.0298a 
1999: 
Apr. - 0.012 0.009 0.019 0.0065 0.0026 0.0II5 
May - 0.017 0.014 0.033 0.0041 0.0029 0.0089 
June - 0.021 0.014 0.035 0.0162 0.0054 0.0171 
July - 0.014 0.017 0.101 0.0021 0.0009 0.0148 
Aug. - 0.056 0.032 0.042 0.0014 0.0010 0.0008 
Avg. - 0.019b 0.015c 0.039a 0.0302b 0.0128c 0.0531a 
2000: 
May 0.029 0.010 0.040 0.259 0.0006 0.0003 0.0013 
June 0.017 0.011 0.011 0.016 0.0013 0.0004 0.0014 
July 0.011 0.010 0.014 0.014 - - 0.0001 
Avg. 0.020b 0.010c 0.024b 0.107a 0.0019a 0.0007a 0.0028a 
3-year avg. 0.020b 0.017b 0.016b 0.039a 0.0207ab 0.0111b 0.0286a 
RunofT water: 
1998: Mav - - 1.381 1.011 - 0.0621 0.0660 
June - - 1.666 1.690 - 0.1760 0.1920 
July - - 1.116 1.998 - 0.0750 0.1310 
Aug. - - 0.480 0.709 - 0.0170 0.0300 
Avg. - - 1.161a 1.352a - 0.3300a 0.4190a 
1999: June 
- - 0.802 0.997 - 0.0378 0.1160 
Aug. - - 0.543 0.605 - 0.0140 0.0130 
Avg. - - 0.750b 0.918a - 0.0518a 0.1290a 
2000: Mav - - 0.400 0.663 - - -
Avg. - - 0.400a 0.663a - - -
3-year avg. 
-
- 0.770b 0.978a - 0.1909b 0.2740a 
* CHECK: Okg-N/ha; UANIX: 168 kg-N/ha from UAN fertilizer: MNIX: 168 kg-N/ha from 
layer hen manure; MN2X: 336 kg-N/ha from layer hen manure. 
Mean values for each variable in the same row followed by the same letter are not 
significantly different at significance level of P = 0.05. * - means no data. 
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Table 9. Monthly subsurface drain flow. PO4-P concentrations and losses with subsurface 
drain water from lysimeters under different N treatments. 
PO4-P concentration (mg/L) PO4-P loss (kg/ha) 
UANIX* MNIX MN2X UANIX* MNIX MN2X 
1998; 
May 0.296 0.024 0.017 0.072 0.003 0.003 
June 0.130 0.023 0.018 0.289 0.034 0.036 
July 0.155 0.010 0.008 0.070 0.003 0.002 
•Avg. 0.194a^ 0.020b 0.014b 0.431a 0.040b 0.040b 
199^ 9: 
April 0.059 0.019 0.040 0.044 0.012 0.024 
May 0.027 0.027 0.100 0.025 0.020 0.119 
June 0-016 0.019 0.023 0.021 0.024 0.034 
July 0.017 0.024 0.019 0.006 0.006 0.006 
August 0.356 0.174 0.195 0.038 0.019 0.023 
Avg. 0.095a 0.053c 0.075b 0.133a 0.081b 0.207a 
2000: 
May 0.018 0.007 0.015 0.004 0.002 0.004 
June 0.029 0.011 0.017 0.011 0.005 0.010 
•Avg. 0.024a 0.009b 0.016b 0.015a 0.007c 0.013b 
3-year avg. 0.104a 0.027a 0.035a 0.193a 0.043a 0.087a 
* UANIX: 168 kg-N/ha from UAN fertilizer; MNIX: 168 kg-N/ha from layer hen 
manure: MN2X: 336 kg-N/ha from layer hen manure. 
Mean values for each variable in the same row followed by the same letter are not 
significantly different at significance level of p = 0.05. 
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CHAPTER 3. EFFECTS OF POULTRY MANURE APPLICATION ON THE 
MOVEMENT OF BACTERIA TO SURFACE AND SUBSURFACE DRAIN WATER' 
A paper to be submitted to Poultn' Science 
A. J. Chinkuyu*", R. S. Kanwar. J. C. Lorimor. H. Xin\ and T. B. Bailey* 
* Department of Agricultural and Biosystems Engineering, * Department of Statistics. Iowa 
State Universit>' 
ABSTRACT 
Excessive use of poultry manure (PM) on agricultural lands can impact the quality of 
surface and groundwater resources. A three-year (1998 - 2000) study was conducted on nine 
0.4-ha plots and six 2.1-m" lysimeters to investigate the effects of two N application rates 
from PM and one N application rate of urea ammonium nitrate (UAN) fertilizer on corn-
soybean yields and the transport of bacteria to surface and subsurface drain water. 
Experimental treatments included N application of 168 kg-N/ha from UAN fertilizer, and 
168 and 336 kg-N/ha from PM to com. Each N treatment was replicated three times on field 
plots and two times on lysimeters. Subsurface drain water samples were collected on weekly 
basis and analyzed for Escherichia coli (E co//), fecal coliform. and fecal streptococcus 
bacteria. The results of the study show that N application rate 336 kg-N/ha from PM (twice 
* Journal Paper No. J 19086 of the Iowa Agriculture and Home Economics Experiment Station. Iowa State 
Universit\', Ames, IA 50011. Project No. 3415. 
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the recommended N application rate) resulted in higher concentrations of fecal streptococcus. 
Escherichia coli. and fecal coliform bacteria in surface and subsurface drain water. The 
results also show that surface runoff water had higher concentrations of fecal streptococcus 
and E. coli in comparison with subsurface drain water. Also, the use of PM in field plots 
resulted in significantly higher com and soybean yields when compared with commercial N 
fertilizer. Nitrogen application rate of 336 kg-N/ha from PM resulted in higher com yields in 
lysimeters when comparison with the N application of 168 kg-N/ha from PM or 168 kg-N.-lia 
from UAN fertilizer. 
(Key words: lysimeter, poultry manure, fecal coliform, bacteria, drainage water) 
INTRODUCTION 
Groundwater is the main source of drinking water for many municipal water supplies 
in the United States. But many water supplies are not safe for human contact and 
consumption. Bacterial pollution of surface and groundwater sources has become a major 
concern in the world because animal manure has the potential of transmitting disease-causing 
pathogens to many water supplies if proper land application methods are not used. 
Historically, bacterial indicators have been used to monitor the pollution of surface and 
groundwater from domestic and animal sources. The disposal of animal (such as poultry) 
manure onto land could possibly result in nmoff and infiltration of bacterial pathogens from 
the amended fields into water supplies. More than twenty diseases have been identified as 
possibly transferred from animal manures (Azevedo and Stout, 1974). The primary concerns 
for water contamination include fecal coliform, fecal streptococci, Escherichia coli (£. coli). 
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Giardia. and Cmosporidium. These bacteria move from land into water supplies via surface 
runoff and subsurface drain flow. 
Many researchers have investigated and quantified the bacteria-pollution potential of 
runoff water from feedlots. pasturelands, and agricultural lands (Doran et al.. 1979; Miner et 
al.. 1966; Rhodes and Hrubant 1972; Young et al.. 1980). These studies have shown that 
potential human health hazards from waterbome pathogens can exist in any fecally 
contaminated water sources. Risks have been foimd to increase substantially when fecal 
coliform bacteria rise above 200 colony-forming units (cfli) per 100 mL in runoff and 
subsurface drainage water (Geldreich, 1976). Giddens and Bamett (1980) reported that 
runoff from bare plots receiving higher application rates of poultry manure (PM) contained 
appreciable coliform bacteria; in some cases, the coliform content exceeded recreational and 
drinking water standards. Evans and Owens (1972) found that bacterial losses with 
subsurface water were influenced by flow rate of drainage water, number of bacteria in the 
soil profile, and manure application rate. Fecal contamination of soil and subsequent 
movement of pathogens to groundwater supply also are dependent on the sur\'ival of the 
organisms in the soil. Tiedemann et al. (1994) reported that fecal coliforms could survive 
approximately 2 weeks in soil, 6 weeks in water, and about 1 year in manure. This makes it 
difficult to predict the extent of groundwater pollution by these bacteria. 
Studies have been conducted on the chemical and physical (sediment) properties of 
runoff from agricultural areas treated with swine and dairy manure. But the bacteriological 
properties of subsurface drain water and surface runoff water from PM-amended soils have 
been largely ignored. Therefore, the objectives of this research were to determine the effects 
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of layer chicken/poultrj' manure application on the transport of fecal coliform. fecal 
streptococci, and E. coli bacteria from manure to subsurface drain water and surface runoff 
MATERIALS AND METHODS 
Description of the Experimental Site 
The study was conducted at the Iowa State University's Agronomy and Agricultural 
Engineering Research Center (AAERC) near Ames. Iowa. The site is located on Nicollet 
loam soil formed in glacial till under the prairie vegetation with an organic matter content of 
about 3% and a maximum slope of 1% (Kanwar et al., 1988). Nicollet soils are characterized 
as being moderately permeable, somewhat poorly drained, producing surface runoff, and 
having high available water capacity and a seasonal high water table. 
Nine 0.4-ha field plots and six 2.1-m~ field lysimeters. each with a single subsurface 
drain, were established in 1984 and 1992. respectively. All field plots and lysimeters were 
instrumented with individual sumps and subsurface drainage metering and monitoring 
devices for collecting water samples for water quality analysis. Subsurface drains were 
intercepted at the end of each plot by sumps installed for collecting water samples (Kanwar 
et al.. 1988; Blanchet. 1996). Each sump also was provided with a V-notch weir for 
measuring subsurface drain flows as a fiinction of time. No sump was installed in the check 
plot until Fall 1999. Two plots also were instrumented with an H-flume and stage recorder to 
measure surface runoff. These H-flumes were installed in plots having two different N 
application rates from PM. Therefore, data on subsurface drain flow rates and surface nmoff 
were collected from the plots as soon as the subsurface drains started flowing in spring or 
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when there was a runoff event. Details on the construction of the sumps and subsurface drain 
water sampling procedures are given by Kanwar et al. (1988). 
The lysimeters were constructed in 1992 and are arranged in two rows, spaced at 3.81 
m between rows and between lysimeter boxes \\ithin rows. Each lysimeter is 2.28 m long. 
1.5 m deep, and 0.91 m wide. During the construction of the lysimeters. soil was removed 
using a gravedigger and separated into 0.15-m layers for the top 0.6 m and then into 0.3-m 
layers down to a depth of 1.6 m. This created a hole in the ground with dimensions of 2.4 m 
long. 1.6 m deep, and 1 m wide. A prefabricated lysimeter box was then placed in this hole. 
A water sump was placed at one end, inside the lysimeter box, and then a 0.1-m diameter 
porous drain tile was connected to the base of the sump. After the sump and drainage tile 
were installed, the soil was repacked in the lysimeter box layer by layer according to the 
original bulk densities of the vertical soil profile. A detailed description of the lysimeter 
construction and installation is given by Blanchet (1996). 
Experimental Treatments 
Begirming in 1998, com was grown on one-half of each plot and soybeans on the 
other one-half so that corn-soybean rotation could be practiced in the same plot in the same 
year. Com has been grown in all lysimeters since 1993. One-half of each field plot (where 
com was grown in the previous growing season) was tilled every fall using a chisel plow, 
which ensured that about 30% of the com residue was left on the surface. There was no 
tillage on the other one-half of the plots where soybeans were previously grown. The top 
10-15 cm of the lysimeter soil also was tilled using a hand shovel and a rake. Tillage was 
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done in such a way that about 30% of the com residue remained on the lysimeter surface as 
well. 
During the three growing seasons (1998 - 2000). N applications to plots and 
lysimeters included 168 kg-N/ha from liquid urea ammonium nitrate (UAN) fertilizer and 
168 kg-N/lia and 336 kg-N/ha from solid layer PM. Poultry manure and UAN fertilizer were 
applied onto subplots where com was to be grown (i.e.. subplots previously grown to 
soybeans). Table 1 gives the characteristics of the PM applied during the three years. The 
actual amounts of N applied to the plots were different from the desired N application rates 
due to the fact that the N content in the PM (determined prior to application) used in the 
calibration of the manure spreader was different from the N content determined at the actual 
time of application. Immediately after the application of the manure and UAN fertilizer, the 
soil was tilled/disked to incorporate the manure and UAN fertilizer into the top 10-15 cm of 
the surface soil in order to minimize N loss through volatilization. The three N treatments 
were randomly assigned to lysimeters and field plots. For each growing season, each 
treatment was replicated twice in the lysimeter experiment. In the plots, two N treatments of 
PM were replicated three times, the N treatment from UAN fertilizer was replicated twice, 
and the control (no UAN or PM) was replicated once. There was an unbalanced 
experimental design because the water monitoring equipment was preinstalled in the limited 
number of plots and also due to a lack of additional land. 
Planting and Harvesting of Corn and Soybeans 
In the field plots, com (Dekalb 580) was grown on one-half of the plots and soybeans 
(Kruger 2426) on the other one-half, so that corn-soybean rotation could be practiced in the 
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same plot. Com was grown on the northern half of the plot during even years and the soybean 
crop was grown on the southern half. PouItr>^ manure and UAN fertilizer were applied before 
planting com. Only com (Dekalb 580) was grown in the lysimeters and one seed was planted 
per station at a spacing of 0.75 m between rows and 0.2 m between stations. During the 1998 
growing season, rodents ate some com seeds sown in the lysimeters. which required 
transplantation of com plants to the lysimeters from the adjoining field plots. The 
transplanted com had some stressed growth at the beginning of the season. Dates for planting, 
harvesting, and manure and fertilizer applications are given in Table 2. Com and soybean 
yields were determined at harvest time and were adjusted to 15.5% moisture content (wet 
basis). 
Sample Collection and Analysis for Bacteria 
Data on daily subsurface drain flow from plots were collected throughout the year 
using an automatic flow recorder. Water samples were taken from subsiuface drain and 
lysimeter sumps once a week or immediately after rainfall. Lysimeter sumps were pumped 
empty and drainage volume measured ever>' week. Subsurface drain water samples were 
collected in sterile plastic bags at the end of pumping from lysimeter sumps in order to 
minimize any cross-contamination between samples. Subsurface drain water samples from 
field plots were collected weekly on a grab basis because drains run continuously. The 
samples were stored immediately at a temperature of 4°C in coolers. Water samples were 
analyzed for fecal coliform, E. coli, and fecal streptococcus bacteria within 24 h of their 
collection. 
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The sampling procedures, including collection, storage, and analysis for the 
determination of fecal coliform. E.coli and fecal streptococcus were done according to 
Standard Methods for the Examination of Water and Wastewater (Arnold et al.. 1992; Hach 
Co.. 1997). Determination of densities of fecal coliform bacteria in the water samples was 
done using Membrane Filtration (MF) technique. The MF technique is highly reproducible, 
can be used to test relatively large volumes of samples, and yields results rapidly. Sample 
volumes of 100. 50. 10, and 1 mL were filtered through 0.45-|am sterile membranes. These 
filters were transferred to M-FC medium (Difco Laboratories. 1984) in petri dishes, avoiding 
air bubbles beneath the membrane. 
The fecal coliform culture plates were inverted and incubated for 24 h at 44.5°C in a 
constant temperature incubator. After incubation, the colonies that have grown are identified 
and counted after 24 h of incubation. The colonies produced by fecal coliform bacteria were 
red in color. The density of the bacteria was recorded in terms of colony-forming units per 
I GO mL (cfij/1 OOmL). The colonies were counted by multiplying the total number of 
colonies per plate by the reciprocal of their dilution. If the total number of colonies exceeded 
200 per membrane, they were reported as too numerous to count (mtc). The data obtained 
from replications of a treatment were averaged for the week. The weekly values also were 
averaged for the month or for the year. Determination of E. coli was done using the same 
procedure described for fecal coliform except that an m-ColiBlue Broth was used for 
culturing E. coli. Blue or purple colonies were £. coli. 
The concentration of fecal streptococcus bacteria in runoff and subsurface drain water 
also was determined by using the MF technique. Similar to fecal coliform and E. coli, 
sample volumes of 100, 50, 10, and 1 mL were filtered through 0.45-^m sterile membranes. 
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These filters were then transferred to M-enterococcus media (Difco Laboratories. 1984) in 
petri dishes, avoiding air bubbles beneath the membrane. These culture plates were im erted 
and incubated for 48 h at 37°C in an incubator. The colonies were counted after 48 h of 
incubation. The colonies produced by fecal streptococcus bacteria were light or dark red in 
color. The density of fecal streptococcus wzis recorded in terms of cfu/lOOmL. If the total 
number of colonies exceeded 200 per membrane, they were reported as mtc. The data 
obtained from replications of a treatment were averaged for the week. The weekly values 
were then averaged for the month or for the year. 
RESULTS AND DISCUSSION 
Effect of Poultry Manure on Movement of Fecal Coliform Bacteria 
The results presented in Table 3 show that plots receiving 336 kg-N/ha from PM gave 
higher average fecal coliform bacteria when compared with the other treatments. Weekly 
average fecal coliform densities given in Figure 1 clearly show that plots treated with 336 kg-
N/Tia from PM produced significantly higher densities of fecal coliform bacteria in 
subsurface drainage water when compared with the other N treatments. The results also 
show that the concentration of fecal coliform in subsurface drain water from plots treated 
with UAN fertilizer or plots treated with 168 kg-N/ha from PM produced fecal coliform 
counts less than 200 cftj/lOO mL. In addition, the results show that in 2000. the 
concentration of fecal coliform in subsurface drain water from all treatments was low due to 
low subsurface drain flow when compared with the other years. 
The results given in Table 3 show that application of manure to lysimeters resulted in 
higher concentration of fecal coliform bacteria in drainage water when compared with the 
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application of UAN fertilizer. Figure 2 shows that in 1998 and 1999. lysimeters receiving 
336 kg-N/ha from PM gave higher fecal coliform densities when compared with the other 
treatments. In 2000. lysimeters treated with 168 kg-N/ha from PM gave higher counts of 
fecal coliform in comparison with the other N treatments. The results in Figure 2 also show 
that before the manure was applied in 1999, lysimeters treated with 336 kg-N/ha from PM 
produced high fecal coliform counts in the month of April. This was attributed to 
background contamination levels from the previous year's m<inure. The data also show that 
in July 1999. all treatments gave fecal coliform counts greater than 200 cfti/lOO mL. 
indicating a high pollution potential of subsurface water with fecal coliform bacteria towards 
the end of the season. These results indicate that a high application rate of PM may result in 
pollution of water resources with fecal coliform bacteria when compared with the application 
of UAN fertilizer or lower rates of PM. The high concentration of fecal coliform in 
subsurface drain water from lysimeters could be due to the fact that water and bacteria 
traveled a short distance through the soil profile to the drains as opposed to the long distances 
in field plots (37 m tile spacing), which acted as a filter and some bacteria could have die on 
the way. 
High surface runoff in June 1999 resulted in high concentrations of fecal coliform 
bacteria in runoff water from plots treated with a higher rate of PM (Table 3). In May 1999. 
fecal coliform counts from both manure treatments were less than 200 cfii/lOO mL. No 
runoff samples were analyzed for fecal coliform bacteria in 1998. The presence of wild 
animals in the area, such as mice and rabbits, could have contributed to the high counts of 
fecal coliform bacteria in subsurface drainage water from nonmanured plots and lysimeters 
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(Schepers and Doran. 1980) or the high counts may have been due to the buildup of stable 
bacterial populations in the soil (Smallbeck and Brommel. 1975; Faust. 1982). 
Effect of Poultry Manure on Movement of Fecal Streptococcus Bacteria 
The results presented in Table 4 and Figure 3 show that plots treated with 336 kg-
N/Tia from PM produced higher counts of fecal streptococcus bacteria in subsurface drainage 
water when compared with the other N treatments. Figure 3 shows that in 1998. plots treated 
with either UAN fertilizer or 168 kg-N/hafrom PM produced fecal streptococcus counts less 
than 200 cfli/l 00 mL. Plots treated with a higher N rate from PM gave higher concentrations 
of fecal streptococcus bacteria in 1999 when compared with the other treatments, indicating a 
buildup of stable bacterial populations in the soil due to continuous use of PM (Smallbeck 
and Brommel. 1975; Faust. 1982) and high subsurface flow. Throughout the study period, 
plots treated with 168 kg-N/ha from UAN fertilizer or 168 kg-N/ha from PM consistently 
produced fecal streptococcus counts less than 200 cfu/100 mL. 
The data given in Table 4 show that application of manure to lysimeters resulted in 
higher concentrations of fecal streptococcus bacteria in subsurface drain water when 
compared with the application UAN fertilizer. Figtire 4 clearly shows that in 1998 and 1999. 
lysimeters treated with PM gave higher weekly counts of fecal streptococcus in subsurface 
drain water in comparison with lysimeters treated with 168 kg-N/ha from UAN. Figure 4 
also shows that in 2000. lysimeters treated with UAN fertilizer gave higher counts of fecal 
streptococcus bacteria in subsurface water when compared with the manure treatments. The 
higher concentration of fecal streptococcus in nonmanured lysimeters could be due to the 
presence of mice and rabbits, which were commonly seen in the experimental area. 
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The data given in Table 4 show that plots treated with 336 kg-N/ha from PM gave 
higher average counts of fecal streptococcus bacteria in surface runoff in comparison vsith 
plots treated with 168 kg-N/ha from PM. In June 1999. there were no significant differences 
in densities of fecal streptococcus in runoff water from the two PM treatments. In 2000. the 
N application rate of 336 kg-N/ha from PM resulted in higher concentrations of fecal 
streptococcus bacteria in runoff water. In general, the data show that fecal streptococci 
counts in surface runoff water were higher than in subsurface drain water, indicating the high 
pollution potential of water resources. These results agree with previous studies by McMurry 
et al. (1998) who reported higher fecal streptococcus bacteria in runoff water than in 
subsurface drain water. The higher volume of subsurface drain water, however, may have a 
greater impact than surface runoff water from the plots. The results indicate that application 
of PM resulted in higher fecal streptococcus bacteria in surface runoff and subsurface 
drainage water when compared with the application of UAN fertilizer. 
Effect of Poultry Manure on the Movement of Escherichia Coli Bacteria 
The results in Table 5 show that plots receiving 336 kg-N/ha from PM gave 
significantly higher average densities of E. coli in comparison with the other treatments. 
Similar results also were observed on an annual basis. The results in Figure 5 clearly show-
that in 1998 and 1999, plots treated with 336 kg-N/ha from PM gave higher concentrations of 
£. coli when compared with plots treated with UAN fertilizer or 168 kg-N/ha from PM. 
Plots treated with either UAN fertilizer or 168 kg-N/ha from PM produced low 
concentrations of £. coli (less than 200 cfu/100 mL) throughout the three seasons. The 
results also show that in April 1999 (before PM application), plots treated with 336 kg-N/ha 
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from PM produced significantly higher E. coli counts when compared with the other 
ireatments. Also, the results in Table 5 show that the concentrations of E. coli in subsurface 
drainage water fi-om plots were very low. Brown et al. (1980) and Kovacs and Tamasi 
(i 979) found similar results and attributed the low concentrations of £. coil to bacteria die-
off due to solar radiation whereas other researchers (Edmonds. 1976; McCoy and Hagedom. 
1979; Gerba et al.. 1975) attributed it to the fact that the surface soil and organic matter 
content in this layer could have acted as a biological filter and adsorption mechanism to 
enteric bacteria. 
Data presented in Table 5 and Figure 6 show that in 1998. lysimeters treated with 336 
kg-N/ha fi-om PM gave the highest counts of E. coli in subsurface drainage water when 
compared with the other treatments. Figure 6 also shows that in June 1998. E. coli counts in 
drainage water from manure treatments were greater than 200 cfu/lGO mL. The figure also 
shows that densities of E. coli were high in April 1999 (before PM application) and very low 
(less than 200 cfu/100 mL) for the rest of the season. The high concentrations in April could 
be due to cross-contamination from the previous year's manure. The results in Table 5 show 
that in the lysimeter experiment, the two PM treatments had higher bacteria content in 
comparison with the same treatments in the field plot. This was attributed to the fact that 
bacteria in lysimeters had short distance (1 m) to travel before reaching tile drain when 
compared with the distance in the plots (37 m tile spacing), which acted as a filter. The 
results given in Table 5 show that plots treated with 336 kg-N/ha fi-om PM produced higher 
counts of E. coli bacteria in surface runoff water compared to plots treated with 168 kg-N/ha 
from PM. These results show that intensive application of PM as a disposal technique could 
result in contamination of ground and surface water supplies with E. coli bacteria. 
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Effect of Poultry Manure on Crop Yields 
Table 6 shows com and soybean yields from field plots and lysimeters under different 
N treatments. The results in Table 6 show that com yields from plots treated with PM were 
significantly higher in comparison with com yields from check plots or plots treated with 
UAN fertilizer. The presence of P and K in the manure could have contributed to higher 
yields in manured plots when compared with the fertilized or check plots. The data in Table 
6 also show that com yields from lysimeters receiving 336 kg-N/ha from PM were 
significantly higher in comparison with yields from the lysimeters treated with 168 kg-N/ha 
from UAN fertilizer or 168 kg-N/ha from PM. In 1998. however, com yields from 
lysimeters were lower in comparison with field plot averages because com plants had to be 
transplanted, which resulted in some stressed growth at the beginning of the growing season. 
Although soybeans did not receive any N applications, the data in Table 6 also show that 
soybean yields from PM treatments were significantly higher in comparison with yields from 
UAN or check plots. The effect of manure on soybean yields started showing up in 2000. In 
1999 and 2000. soybean yield response possibly could be due to the carryover soil N from N 
applications in 1998 and 1999. 
CONCLUSIONS 
A study was conducted for three years (1998 —2000) to determine the effects of PM 
application for com-soybean production on the movement of Escherichia coii, fecal 
coliform, and fecal streptococci bacteria through the soil profile and into subsurface drain 
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water and surface runoff water. The findings of this study resulted in the following 
conclusions: 
1. The N application rate of 336 kg-N/ha from PM (twice the recommended N application 
rate) resulted in higher concentrations of fecal streptococcus. Escherichia coli. and fecal 
coli form bacteria in surface and subsurface drain water in comparison with the N 
application rate of 168 kg-N/ha from PM or commercial fertilizer. 
2. .Application of PM to lysimeter resulted in higher concentrations of bacteria in subsurface 
drainage water in comparison with the same treatments in field plots. 
3. Surface runoff water fi-om plots treated with PM had higher concentrations of fecal 
streptococcus and E. coli in comparison with the concentrations in subsurface drain water 
from plots under the same treatments. 
4. The use of PM in field plots resulted in significantly higher com and soybean yields 
when compared with commercial N fertilizer. The N application rate of 336 kg-N/ha 
from PM resulted in higher com yields in lysimeters in comparison with the N 
application rate of 168 kg-N/ha from PM or 168 kg-N/ha from UAN fertilizer. 
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TABLE 1. Characteristics of the poultr>' manure applied during the study period 
Nitrogen treatments for three years 
Characteristics 168 kg-N/ha from PM 336 kg-N/ha from PM 
1998 1999 2000 1998 1999 2000 
Plots: 
.A.\ erage manure application rate, kg/ha 10847 10337 6093 23613 15248 12187 
.•\\'erage N application rate. kg-N/ha* 115 219 117 254 324 324 
Total Kjedhal N (TKN). %N 1.49 2.98 2.68 1.51 2.98 3.73 
•Ammonia (NH3), %N 1.11 0.74 0.72 0.52 0.82 0.78 
Total Phosphorus. % P 1.00 4.37 3.94 0.94 4.21 3.76 
Potassium. %K 1.43 2.29 2.41 1.25 1.86 2.25 
Moisture content. % 48 45 J J 47 55 32 
Lvsimeters: 
Average manure application rate, kg/ha 15714 7952 6000 31714 15905 12000 
-Average N application rate. kg-N/ha* 167 169 162 337 338 325 
Total Kjedhal nitrogen (TKN), %N 1.49 2.98 3.80 1.49 2.98 3.80 
Ammonia (NH3). %N 1.11 0.82 0.66 1.11 0.82 0.66 
Total Phosphorus, % P 1.00 4.21 3.73 1.00 4.21 3.73 
Potassium. %K 1.43 1.86 2.37 1.43 1.86 2.37 
Moisture content. % 48 55 28 48 55 28 
* Assumed 5% N lost during application. 75% N available during the first year. No N 
carr\'over effects were considered. 
Actual application rate, but intended rates were 168 kg-N/ha and 336 kg-N/ha. 
Table 2. Dates of field activities in plots and lysimeters in 1998,1999, and 2000 
Activity Field plots Field lysimeters 
1998 1999 2000 1998 1999 2000 
Fertilizer/manure 
application 1 May 4 May 13 April 20 May 5 May 14 April 
Incorporating manure 
1 May 4 May 13 April 20 May 5 May 14 April 
Planting com 8 May 10 May 8 May 21 May 10 May 8 May 
Planting soybean 8 May 10 May 8 May - - -
Cultivating in com 
plots 23 June 16 June 13 June 20 June 29 June 13 June 
Cultivating in 
soybean plots 9 July 28 June 13 June - - -
Har\'esting soybeans 28 Sept. 12 Oct. 20 Sept. - - -
Har\'esting com 19 Oct. 14 Oct. 20 Sept. 5 Oct. 12 Oct. 21 Sept. 
Cutting stalks 25 Oct. 18 Oct. - - - -
Chisel plowing/ 
primar>' tillage 6 Nov. 12 Nov. - 20 May 5 May -
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TABLE 3. Average concentrations of fecal coliform in subsurface drain and runoff 
water from plots and lysimeters under different N treatments 
Type of experiment and nitrogen treatment 
Field plot experiment Lysimeter experiment 
Check" 168 UAN 168 PM 336 PM 168 UAN 168 PM 336 PM 
Subsurface water •~cfu/100 ml 
1998 0 12b* 10b 1419a 112b 48c 513a 
1999 0 44b 46b 1036a 145c 394b 657a 
2000 68b 79b 32b 334a 12c 458a 213b 
Three-year average 68b 45b 29b 929a 123b 353a 521a 
Surface runoff 
5/12/99 + - 0 85a - - -
5/19/99 - - 10 427a - - -
6/01/99 - - 0 1990a - - -
Mean - - 10b 834a - - -
6/5/00 - - 0 100a - - -
Mean - - 0 100a - - -
Two-year average - - 10b 467a - - -
" Check: 0 kg-N/ha; 168 UAN: 168 kg-N/ha from UAN; 168 PM: 168 kg-N/ha from PM. 336 
PM: 336 kg-N/ha from PM. * Values in the same row followed by the same letter, in each 
experiment, are not significantly different at significance level of P = 0.05. J - no data. 
TABLE 4. Average concentration of fecal streptococcus bacteria in surface runoff and 
subsurface drain water from plots and lysimeters under different N 
treatments 
Type of experiment and nitrogen treatment 
Field plot experiment Lysimeter experiment 
Check" 168 UAN 168 PM 336 PM 168 UAN 168 PM 336 PM 
Subsurface water --cfti/100 mL -
1998 0 48b* 70b 345a 149c 422b 881a 
1999 0 63b 68b 714a 153b 501a 470a 
2000 67b 112a 30b 161a 216a 115b 97b 
Three-year average 67b 74b 56b 407a 165b 417a 498a 
Surface runoff 
5/19/99 + + - 100 339 - - -
6/01/99 - - 170 1585 - - -
Average - - 135b 962a - - -
6/5/00 - - 20 215 - - -
Average - - 20b 215a - - -
Two-year average - - 78b 589a - - -
" Check: 0 kg-N/ha; 168 UAN: 168 kg-N/ha from UAN; 168 PM: 168 kg-N/ha from PM. 336 
PM: 336 kg-N/ha from PM. * Values in the same row followed by the same letter, in each 
experiment, are not significantly different at significance level of P = 0.05. { - no data. 
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TABLE 5. Average concentration of E. coli bacteria in surface runoff and subsurface 
drain water from plots and lysimeters under different N treatments 
Type of experiment and nitrogen treatment 
Field plot experiment Lysimeter experiment 
Check" 168 UAN 168 PM 336 PM 168 UAN 168 PM 336 PM 
Subsurface water -cfu/100 mL 
1998 0 8b* 36b 1167a 62c 685b 1067a 
1999 0 33b 62b 545a 91b 217a 273a 
2000 21a 61c 57a 83a 30b 16b 208a 
Three-year average 21b 34b 52b 598a 69b 356a 604a 
Surface runoff 
5/12/99 + 
"+ 
- 10 0 - - -
5/19/99 - - 208 365 - - -
6/01/99 - - 100 231 - - -
Average - - 106a 298a - - -
6/5/00 - - 0 2300 - - -
.Average - - 0 2300a - - -
T wo-year average - - 106b 1299a - - -
" Check: 0 kg-N/ha; 168 UAN: 168 kg-N/ha from UAN; 168 PM: 168 kg-N/ha from PM. 336 
PM: 336 kg-N/ha from PM. * Values in the same row followed by the same letter, in each 
experiment, are not significantly different at significance level of p = 0.05. { - means no data. 
Table 6. Corn and soybean yields from plots and lysimeters under different N 
treatments during the study period 
Nitrogen treatments 
Check plot 168 kg-N/ha 168 kg-N/ha 336 kg-N/ha 
Year (0 kg-N/ha) UAN Poultrv' manure Poultry manure 
Corn from plots: kg/ha — 
1998 4085c* 8414b 9448a 9138a 
1999 5460c 9131b 10479a 10636a 
2000 6548c 8754b 10115a 10058a 
Three-year average 5364c 8766b 10014a 9944a 
Soybean from plots: 
1998 3567a 4083a 3966a 4303a 
1999 3526a 3652a 3930a 3975a 
2000 2333c 2778b 3355a 3372a 
Three-year average 3142c 3504bc 3750a 3883a 
Corn from Ivsimeters: 
1998 
-t 3798c 5460b 9790a 
1999 - 7450b 8603a 10003a 
2000 - 5989b 7003b 9967a 
Three-year average - 5746b 7022b 9920a 
* Values in the same row followed by the same letter are not significantly different at 
significance level of P = 0.05. % - means no data is available. 
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Figure 1. Weekly densities of fecal coliform bacteria in subsurface drain water from field 
plots under different N treatments during the study period 
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Figure 2. Weekly densities of fecal coliform bacteria in subsurface drain water from 
lysimeters under different N treatments during the study period 
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Figure 3. Weekly densities of fecal streptococcus bacteria in subsurface drain water from 
plots under different N treatments during the study period 
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Figure 4. Weekly densities of fecal streptococcus bacteria in subsurface drain water from 
lysimeters under different N treatments during the study period 
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Figure 5. Weekly densities of E. coli bacteria in subsurface drain water from plots under 
different N treatments during the study period 
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Figure 6. Weekly densities of E. coli bacteria in subsurface drain water from lysimeters 
under different N treatments during the study period 
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CHAPTER 4. USE OF GLEAMS MODEL TO PREDICT NO3-N LOSSES FROM 
LYSIMETERS TREATED WITH POULTRY MANURE' 
A paper to be submitted to Transactions of the ASAE 
A.J. Chinkuyu and R.S. Kanwar^ 
ABSTRACT 
The complexity of environmental and management factors affecting nonpoint source 
pollution makes experimental assessment of the environmental consequences of different 
management practices expensive and laborious. Proper calibration and validation of 
computer models can help assess the impacts of different agricultural management practices 
on water quality. The objective of this study was to use GLEAMS version 2.1 to determine 
the effects of two nitrogen (N) application rates {168 kg-N/ha (168PM) and 336 kg-N/ha 
(336PM)} from poultrv' manure (PM) and one N application rate {168 kg-N/ha (168UAN)) 
from urea ammonium nitrate (UAN) fertilizer on NO3-N loss with subsurface drain water 
from lysimeters. The simulation results were compared with three-year (1998-2000) 
monthly measured data from six 2.1-m" field lysimeters under continuous com production at 
Iowa State University's research farm near Ames. Iowa. The curve number, soil 
' Journal Paper No. J 19078 of the Iowa Agriculture and Home Economics Experiment Station. Iowa State 
University, Ames, lA 50011. Project No. 3415. 
~ The authors are A.J. Chinkuyu. ASAE Student Member, Graduate Research Assistant; and R.S. Kanwar, 
ASAE Member Engineer, Professor and Director. Iowa State Water Resources Research Institute, Department 
of Agricultural and Biosystems Engineering, Iowa State University, Ames, lA 50011. Corresponding author: 
A.J. Chinkuyu, Iowa State University, Agricultural and Biosystems Engineering Department, 131 Davidson 
Hall, Ames, lA 50011; voice: (515) 294-4894; Fax: (515) 294-2552; e-mail: acinkuvu@iastate.edu. 
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e\apotranspiration. and effective root depth were adjusted to match the predicted percolation 
below the root zone with the 1998 measured subsurface drain water from the Ivsimeters. 
The results of the simulation show that the predicted subsurface drain water 
consistently followed the pattern of measured subsurface drain water flows from 168UAN. 
168PM. and 336PM treatments, giving percentage differences of -5.6, -13.7. and 3.2%. 
respectively. The GLEAMS model was capable of predicting NO3-N concentration in 
subsurface drain water from lysimeters under 168UAN 168PM. and 336PM treatments 
reasonably well, giving mean differences of -0.43. -0.10, and -0.15 mg/L. respectively. But 
the model under predicted annual (2000) NO3-N concentration in subsurface drain water 
from lysimeters under the 168PM treatments. The results also show that there were no 
significant differences (P = 0.05) between average measured and simulated NO3-N losses 
with subsurface drain water, giving mean differences of -0.46. 
-0.16. and 0.32 kg/ha. for 168UAN. 168PM, and 336PM treatments, respectively 
Kev-words: lysimeters. poultry manure, NO3-N. percolation, GLEAMS 
INTRODUCTION 
The poultr\' industrj' is one of the largest and fastest-growing sectors of livestock 
production in the world, with meat and egg production currently growing at an annual rate of 
approximately 5% (Sims and Wolf. 1994). In March of 2000, Iowa ranked 2"*^ nationally in 
layer production behind Ohio (Iowa Agricultural Statistics. 2000). The poultry industry 
produces large volumes of manure that need to be utilized onto crop and pasture lands, usually 
near the poultry production sites. Rapid and concentrated growth of the poultry industry has 
increased the concern about environmental pollution due to excessive application of poultry 
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manure (PM). From a nonpoim source pollution standpoint, water qualit\' parameters of 
greatest concern are nitrate-nitrogen (NO3-N). phosphate-phosphorus (PO4-P)- and pathogenic 
bacteria. Each of these constituent of PM has the potential to pollute surface and 
groundwaters. The forms and quantities of phosphorus (P) and nitrogen (N) in the soil change 
with PM application and management practices. 
The complexity of factors affecting nonpoint source pollution makes experimental 
assessment of environmental consequences of different agricultural management strategies 
laborious and expensive. Therefore, one possible method is to use the existing databases to 
modify and validate selected computer models, then use the models to simulate the long-term 
impacts of alternative management systems (Shiimohammadi et al.. 1998). The use of 
computer models also provides an opportunity to evaluate the response of soil and water 
resources to several different farming practices in an efficient and cost-effective way. 
Mathematical models are useful tools in assessing the impacts of alternative agricultural 
management practices on water quality. The importance of using simulation models to 
analyze agricultural management practices affecting soil and water resources has been 
documented by many researchers (Bakhsh et al.. 2000; Knisel. 1993; Shirmohammadi. 
1990). Some field-scale models that are used for evaluating the impacts of agricultural 
management practices on water quality include Groundwater Loading Effects of Agricultural 
Management Systems (GLEAMS) (Leonard et al.. 1987) CREAMS (Knisel, 1980), 
LEACHMP (Wagenet and Hutson, 1986), and PRZM (Carsel et al., 1984). Except for 
CREAMS and GLEAMS, some of these models simulate pesticides only, are simple, or 
ignore important processes, such as N and P transformation processes of animal manure 
applied to the land; therefore, these models were not considered for this study. The 
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GLEAMS model is a modification of a CREAMS model to simulate edge-of-field and 
bonom-of-root-zone loadings of water, sediment, pesticides, and plant nutrients from the 
complex climate-soil-management interactions (Knisel. 1993). As a field-scale water quality-
model that has sediment/erosion yield, hydrology, and chemical submodels. GLEAMS has 
been validated under different conditions and management practices with varied results. 
Shirmohammadi et al. (1998) reported that the GLEAMS model was capable of 
producing reasonable estimates of annual and long-term averages of NO3-N and dissolved P 
losses to subsurface drains under structured soils on the Vara Plains of Southwest Sweden. 
Stone et al. (1998) reported that the GLEAMS model simulated groundwater NO3-N 
concentrations with mean residuals (simulated minus observed) of i 1.3 mg/L and ± 19 
mg/L. respectively, for a com/wheat/soybean rotation field and for a Bermuda grass field 
sprayed with swine wastes. Minkara et al. (1995) used the GLEAMS model to predict NO3-
N and NRj-N losses with surface runoff and subsurface drain water from PM applications. 
The authors found large differences between observed and predicted data for all manure 
application rates and experimental rates. Yoon et al. (1994) found that GLEAMS simulation 
of soluble and sediment P losses in surface runoff and NO3-N concentrations in leachate and 
soil layers were not consistent with field data from PM treatments under com at Belle Mina, 
Alabama. Bakhsh et al. (2000) found that the GLEAMS model simulation results for NO3-N 
losses were comparable with measured NO3-N losses with drainage water from plots treated 
with swine manure at Nashua, Iowa. The GLEAMS model has been validated for swine 
manure or PM under different soil types and climatic conditions other than those in central 
Iowa. Thus, no GLEAMS simulation studies have been conducted for PM application to 
continuous cornfields in central Iowa. 
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The main objective of this study was to calibrate the GLEAMS model for the 
prediction of NO3-N losses with subsurface drain water from field lysimeters treated with 
pouItr>' manure and urea ammonium nitrate. Another objective was to make a comparison 
between the measured and simulated subsurface drain flows. NO3-N concentration in 
subsurface drain water, and NO3-N losses with subsurface drain water for data from non-
calibration years. 
BACKGROUND REVIEW OF GLEAMS 
The GLEAMS model is a computer program used to simulate physical processes 
affecting water quality in an agricultural field. Detailed descriptions of the model have been 
given elsewhere (Knisel, 1993; Knisel et al.. 1989; Leonard et al., 1987). The GLEAMS 
model has three submodels: sediment/erosion yield, hydrology, and chemical transport. The 
chemical transport submodel is further subdivided into pesticide and nutrient components. 
Because the pesticide subcomponent of GLEAMS was not used in this study, the reader is 
referred to other publications (Knisel, 1993; Leonard et al.. 1987; Shirmohammadi and 
Knisel. 1994). The nutrient subcomponent incorporates major N processes such as 
nitrification, volatilization, mineralization, ammonification. denitrification. plant uptake, 
fixation by legumes, and N losses through nmoff. erosion, and percolation below the root 
zone. The model considers surface and subsurface pathways to estimate edge-of-field and 
bottom-of-root-zone loadings to assess management alternatives. The GLEAMS model also 
includes agricultural management practices such as tillage, irrigation, land application of 
animal manure, as well as application of commercial fertilizers. 
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The model simulates land application of animal manure by creating appropriate N and 
P pools for mineralization, because organic N and P mineralize at a higher rate than active 
soil mineralizable N and P (Yoon et al., 1994). The model considers ammonia volatilization 
from surface-applied animal manure using a relationship developed by Reddy et al. (1979). 
Mineralization of N is considered a two-stage process consisting of first-order 
ammonification and zero-order nitrification processes. Ammonification occurs from the 
active soil N, fresh organic N from root and surface residue, and organic N in animal manure. 
Soil water and soil temperature factors are used to adjust mineralization and nitrification 
rates. Nitrification occurs when the soil water content is above immobile water content and 
below saturation with an optimum at field capacity. Denitrification is considered a first-order 
process as a linear function of organic carbon and modified by soil water content and 
temperature. The model uses an N immobilization process similar to one used in the 
P.A.PRAN model (Seligman and van Keulen. 1981) except that GLEAMS considers two 
sources of N: ammonia and nitrate. In estimating N demand in a field, the model uses the N 
uptake process used in the EPIC model (Sharpley and Williams. 1990). The model also uses 
partitioning coefficients to distribute N and P between the solution and soil phases in the 
surface soil. 
FIELD EXPERIMENTS AND INPUT DATA 
Data for model calibration and validation were obtained from field experiments 
conducted between 1998 and 2000 at the Iowa State University's Agronomy and Agricultural 
Engineering Research Center (AAERC) near Ames. Iowa. The lysimeter site is on Nicollet 
loam soil formed in glacial till under the prairie vegetation with an organic matter content of 
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about 3% and a maximum slope of 1% (Kanwar et al.. 1988). Nicollet soils are characterized 
as moderately permeable and somewhat poorly drained. In this study. si.\ 2.1-m" field 
lysimeters (2.28 m long x 1.50 m deep x 0.91 m wide) were used. The lysimeters were 
constructed in 1992 and were arranged in two rows, spaced at 3.81 m between rows and 
between lysimeter boxes within rows. A detailed description of the lysimeter construction 
and installation is given by Blanchet (1996). 
Experimental Treatments 
During the three growing seasons (1998 - 2000). N application to the lysimeters 
included 168 kg-N/ha from liquid UAN fertilizer (168UAN). 168 kg-N/ha from solid laying 
hen/poultr\^ manure (168PM) and 336 kg-N/ha from solid laying hen PM (336PM). Table 1 
gives the characteristics of the PM used during the study period. Immediately after the 
application of the manure and UAN fertilizer, the soil was tilled to incorporate the manure 
and fertilizer in the top 5-10 cm of the surface soil to minimize N loss through volatilization. 
The three treatments were randomly assigned to lysimeters and replicated twice. Com 
(Dekalb 580) was planted in all lysimeters during the three seasons. Planting was done 
immediately after applying manure and fertilizer, and one seed was planted per station at a 
spacing of 0.75 m between rows and 0.2 m between stations. Weeding and cultivation were 
done when necessary in all lysimeters. 
Analysis of NO3-N in Subsurface Drain Water Samples 
Water samples were taken from lysimeter sumps once a week or immediately after 
rainfall. Lysimeter sumps were pumped empty and samples were collected near the end of 
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the pumping cycle to minimize contamination across samples. The water samples were 
stored at a temperature of 4°C immediately after collection. Water samples were later 
analyzed for NO3-N in the National Soil Tilth Laboratory in Ames. Iowa. Annual NO3-N 
losses from lysimeter sumps were calculated by summing the product of weekly or monthly 
total flow and the NO3-N concentration of the sample taken that week or month over the 
year. This yearly value was divided by the area of the lysimeter to get nutrient loss per unit 
area. Flow-weighted average concentrations were calculated by summing the weekly or 
monthly NO3-N loss for the period of interest and dividing that sum by the total flow for that 
period. 
GLEAMS Model Input 
The GLEAMS model was run continuously for the period January 1. 1998 through 
December 31. 2000 in order to minimize the effects of parameter estimation at the beginning 
of each year. Weather data from a weather station at the experimental site, some soil data, 
and management data from the site were used for the simulation. Where local data were not 
available, default values from the user's manual were used (Knisel. 1993). 
Hydrological Data: The GLEAMS model requires mean daily air temperature and 
daily precipitation data as input. The model uses mean daily temperature to determine 
whether precipitation is rain or snow. The hydrology subroutine requires mean monthly 
maximum and minimum temperatures, solar radiation, wind speed, and dew point data. 
These data were measured at the experimental site and were used as input to the model. 
Soil Data: Data on clay, silt, sand fractions, porosity, field capacity, wilting point, 
organic matter, and hydraulic conductivity were obtained from Blanchet (1996) and Kanwar 
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et al.. (1988). Based on the soil properties at the site, the soils in the lysimeters were 
classified as belonging to the hydrological soil group B according to the GLEAMS user's 
manual. The root zone was divided into five horizons based on soil texture. Selected 
physical properties of each soil horizon are presented in Table 2. 
Management Practices: Hand tillage of soil in the lysimeters by a shovel and a rake 
was considered to be equivalent to chisel plow. Tillage was done in spring before PM and 
commercial fertilizer application. The PM and commercial fertilizer were incorporated (0.15 
m deep) immediately after application to minimize ammonia volatilization. Field cultivation, 
as a secondary tillage operation, was done in late spring by a hoe. Dates of all management 
activities for the three seasons are presented in Table 3. 
Plant Growth Variables and Parameters: Com was grown during the three 
seasons. Maximum rooting depth of 120 cm for com was calibrated to produce simulated 
percolation that fit measured subsurface drain water data. Crop characteristics data required 
by the model, such as leaf area index, crop height. dr>' matter ratio. C: N ratio, and N: P ratio, 
were taken from the model database (Knisel. 1993). Measured com yields from lysimeters 
were used as input to the model (Table 4). 
Initial Conditions: Calibration of the model was done by adjusting the curve 
number, soil evapotranspiration. and effective root depth in the hydrology input file until best 
possible percolation results were obtained. These calibration parameters were chosen 
because of their sensitivity in affecting percolation, surface runoff, and evaporation. In the 
nutrient input file, crop residue was estimated to be 550 kg/ha; total N content, potentially 
mineralizable N, total P, and P concentration data for each soil horizon were not available, so 
default values were used. Measured soil NO3-N concentrations at the beginning of the 
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growing season were used as initial NO3-N concentrations at the beginning of the simulation. 
These initial NO3-N concentrations were then adjusted in order to simulate the best possible 
monthly NO3-N concentrations and losses (mean difference of less than 20%) at the 
beginning of the 1998 season. 
Model Calibration and Evaluation 
Errors can be introduced during simulation due to factors such as poor representation 
of measured soil properties, or a set of equations that represent the soil, water flow, and N 
transformation processes that may not adequately represent the field conditions (Bakhsh et 
al.. 2000). Therefore, calibration of key parameters of the model such as the evaporation. 
Soil Conservation Service (SCS) curve number (CN2) and effective rooting depth (RD) are 
essential. Soil evaporation factor of 3.3 and the SCS curve number of 70 for hydrologic soil 
group B was selected fi-om the user's manual and calibrated for the lysimeters for the 
beginning of the 1998 season. These calibrations were made to fit the simulated water 
percolation below the root zone to the 1998-measured subsurface drain flow data from all the 
1\ simeters. A trial and error procedure was used to determine the best set of values for these 
parameters that could simulate percolation as subsurface drain flow with minimum difference 
between the measured and simulated values. 
The calibrated model was tested using measured data for 168UAN treatments 
(lysimeters 1 and 5), 168PM treatments (lysimeters 3 and 6). and 336PM treatments 
(lysimeters 2 and 4) over the three-year period (1998 — 2000). Model evaluation criteria 
were based on objective and subjective approaches (Bakhsh et al., 2000; Singh and Kanwar, 
1995). Subjective criteria included graphical display of model simulation and measured 
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values. The subjective criteria were used to locate anomalies in model predictions and to 
provide an insight on temporal response of the model for the entire simulation period. 
Objective criteria included statistical analysis (paired t-test. correlation coefficient, mean 
difference, percent difference) between measured and simulated values. Objective criteria 
account for differences in mass of the simulation, ignoring its distribution over time. The 
combination of both subjective and objective criteria provides good validation of model 
output. TTie overall model evaluation was based on the predictions of three years, from 1998 
to 2000. 
RESULTS AND DISCUSSIONS 
Daily simulations showed that there were short travel times and distances for each 
soil layer, which resulted in sharp percolation and NO3-N concentration peaks for each 
rainfall event when compared with dally measured data. The lack of routing the percolation 
water to drain flow might have resulted in sharp peaks of the daily subsurface drain flow-
simulations. Based on these differences, monthly simulations were deemed more reasonable 
than daily simulations (data not shown) when comparing simulated percolation with 
measured subsurface drain flow. The results presented in this paper are subsurface drain 
flo%v. NO3-N concentration, and NO3-N loss with subsurface drain water. Subsurface drain 
flows measured at 1.2 m were considered analogous to simulated percolation at 1.2 m depth 
(Shirmohammadi etal., 1998). 
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Simulation of Subsurface Drain Flow 
Figure I shows the model performance in simulating subsurface drain flow against a 
1:1 best fit line for measured and predicted subsurface drain flows from 168UAN. 168PM. 
and 336PM treatments. All monthly average measured and predicted data for each treatment 
were pooled together for the entire three-year period. The results show that the model 
simulation of percolation followed the pattern of measured subsurface drain flow and of 
giving coefficients of determinations of 0.98. 0.99. and 0.99 for the 168UAN. 168PM. and 
336PM treatments, respectively (Table 5). On an annual basis, the model performed well in 
simulating subsurface drain flow from all treatments with a relative percent error of less than 
15%. except in 2000 when the model over predicted percolation by as much as 21.7% and 
21.9% for the 168UAN and 168PM treatments, resjiectively. This could be due to the fact 
that the year 2000 was relatively dry; hence most of the water was stored in the soil profile. 
\^^^ile in GLEAMS, soil moisture storage capacity is equivalent to field capacity such that 
any excess water above field capacity is released to the lower soil layer thereby producing 
high percolation. The overall results for continuous simulation show that there were no 
significant differences between the measured and simulated percolation from 168UAN, 
168PM, 336PM treatments, which gave mean differences of -0.05. -0.58. and 0.32 cm, and 
relative percentage errors of -5.6, -13.7, and 3.2%. respectively (Table 5). One should keep 
in mind, however, that the model's hydrology was calibrated (for 1998) to produce such 
promising results in order to examine the model's capability in predicting the leaching of 
NO3-N from lysimeters treated with commercial N fertilizer and PM. 
The monthly cumulative measured and simulated percolation values also were plotted 
in Figures 2 through 4 to subjectively examine the differences between measured and 
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simulated percolations over the three-year period. The results show that the model 
performed well in predicting cumulative percolation from the 168UAN treatments (Figure 2). 
But the model slightly over predicted percolation for the 168PM treatment (Figure 3) and 
under predicted percolation for the 336PM treatments (Figure 4). 
Simulation of NO3-N Concentration in Subsurface Drain Flow 
The results in Table 6 show that in 2000 the model over predicted NO3-N 
concentration in subsurface drain water from 168UAN treatments, showing a relative 
percentage error of -25.1%. Also, in the year 2000, the model significantly under predicted 
NO3-N concentration in subsurface drain water from 168PM treatments, giving a percentage 
difference of 29.8%. and a mean difference of 1.32 mg/L, respectively. The differences in 
the year 2000 could be due to the fact that the year was relatively dry and as such the model 
failed to properly predict NO3-N concentration in percolation water. Also, the higher volume 
of simulated percolation from 168PM may have contributed to dilution of NO3-N 
concentration in the percolation water. During the other years, the model performed well in 
predicting NO3-N concentration in subsurface drain water from all treatments (Table 6 and 
Figure 5). Comparison between three-year continuous measured and simulated NO3-N 
concentrations in subsurface drain water indicates that the model performed reasonably well 
in predicting NO3-N concentration in subsurface drain water from 168UAN, 168PM, and 
336PM treatments, which gave relative percentage differences of -7.9, 3.0. and -2.8%, 
respectively. 
Average monthly measured and simulated NO3-N concentrations in subsurface drain 
flow also were plotted in Figure 6. The data presented in Figure 6 shows that the model over 
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predicted NO3-N concentrations during the first month of the 1998 season. This was due to 
the fact that manure needed time to mineralize and mix with the soil before being leached 
out. a process which seemed not to have been captured properly by the GLEAMS model. 
Also, errors in the initial conditions (calibration) may have contributed to over prediction of 
NO3-N concentration at the beginning of the simulation. Lack of routing the percolation 
water to drain flow also might have contributed to high-simulated NO3-N concentrations at 
the beginning of the season (Bakhsh et al., 2000). The results also clearly show that in 2000. 
the model under predicted NO3-N concentrations in subsurface drain flow from 168PM 
treatments. Although there were some variations between monthly simulated and measured 
NO3-N concentrations, overall results show that the model performed well in simulating 
NO3-N concentrations in subsurface drain water from 168UAN. 168PM. and 336PM 
treatments, giving mean differences of -0.43. 0.10. and -0.15 mg/L. and percentage errors of -
7.9. 3.0. and -2.8%. respectively. 
Simulation of NO3-N Loss with Subsurface Drain Flow 
Figure 7 shows the 1:1 best-fit line between average (two replicates) monthly 
measured and predicted NO3-N losses during the three years for all treatments. The high 
correlation coefficients of 0.97, 0.98, and 0.99 between measured and predicted NO3-N 
losses show that the model was able to simulate the impact of 168UAN, I68PM. and 336PM 
treatments on NO3-N losses, respectively. The data presented in Table 7 show that in 2000, 
the GLEAMS model over predicted NO3-N losses with subsurface drain flow from 168UAN 
and 336PM treatment, giving relative percentage errors of -70.3% and -24.8%. In the same 
year, however, the model under predicted NO3-N loss from 168PM treatments by a 
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percentage error of 32.6%. which was due to the fact that the model also failed to predict 
NO3-N concentration. Overall results show that the model performed reasonably well in 
continuously simulating NO3-N loss from 168UAN. 168PM. and 336PM treatments, giving 
overall mean differences of -46, -0.16, and 0.32 kg-N/ha, and relative percentage errors of -
25.4. 6.8. and -4.6%. respectively. Graphical comparisons between average monthly 
simulated and measured NO3-N losses also were made in Figures 7 through 10. The results 
show that the model performed well in simulating NO3-N loss from 168UAN. 168PM. and 
336PM treatments, as shown in Figures 8, 9, and 10. respectively. 
SUMMARY AND CONCLUSIONS 
The GLEAMS v.2.1 model was used to predict the effects of two N application rates 
(168 kg-N/ha and 336 kg-N/ha) from PM and 168 kg-N/ha from UAN fertilizer on 
subsurface drain water, NO3-N concentration, and NO3-N loss with subsurface drain water. 
Poultr\' manure and commercial N fertilizer were applied to 2.1-m" field lysimeters each 
spring before planting com. The treatments were replicated twice. The model was calibrated 
b>' adjusting curve number, soil evaporation parameter, and effective root depth to match the 
predicted percolation below the root zone with the 1998 measured subsurface drain water 
from the lysimeters. The initial soil NO3-N concentrations were also adjusted to minimize 
the difference between simulated and measured NO3-N concentrations at the beginning of 
1998. The average monthly simulation results were compared with the three-year (1998-
2000) average monthly measured data from the lysimeters. 
The results of this study show that the average simulated subsurface drain water 
consistently followed the average measured subsiuface drain water from 168UAN, 168PM, 
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and 336PM treatments, giving mean differences of -0.05. -0.58, and 0.32 cm. respectively. 
The model was capable of predicting overall NO3-N concentration in subsurface drain water 
from lysimeters under 168UAN, 168PM. and 336PM treatments reasonably well, giving 
mean differences of -0.43. -0.10, and -0.15 mg/L. respectively. But the model under 
predicted annual (2000) NO3-N concentration in subsurface drain water from lysimeters 
under the 168PM treatments. The results also show that there were no significant differences 
(P = 0.05) between average measured and simulated NO3-N losses with subsurface drain 
water, giving mean differences of -0.46, -0.16, and 0.32 kg/ha, and percentage differences of 
-25.4, -6.8. and -4.6%. for 168UAN. 168PM, and 336PM treatments, respectively. 
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Table I. Characteristics of poultry manure applied to lysimeters and used as input to 
GLEAMS model. 
Nitrogen treatments for three years 
Characteristics* 168 kg-N/ha Poultry 336 kg-N/ha PouItr>' 
manure manure 
1998 1999 2000 1998 1999 2000 
.Average manure application rate, kg/ha 15714 7952 6000 31714 15905 12000 
A\ erage N application rate. kg-N/ha 167# 169 162 337 338 325 
Total Kjedhal nitrogen (TKN), %N 1.49 2.98 3.80 1.49 2.98 3.80 
.A.mmonia (NH3). %N 1.11 0.82 0.66 1.11 0.82 0.66 
Organic N (%) 0.38 2.16 3.14 0.38 2.16 3.14 
Total Phosphorus, % P 1.00 4.21 3.73 1.00 4.21 3.73 
Potassium. %K 1.43 1.86 2.37 1.43 1.86 2.37 
Moisture content, % 48 55 28 48 55 28 
*Data expressed on wet weight basis. # Assumed 5% N lost during application and 75% N 
available during the first year. No N credits were considered for subsequent years. 
Table 2. Selected physical soil properties used as inputs to GLEAMS hydrology file (from 
Blanchet, 1996; Kanwaretal., 1988) 
Soil depth Clay Silt Sand Organic Porosity Field Wilting Hydraulic 
matter capacity point conductivity 
(cm) % % % % % % % (cm/hr) 
Lvsimeter 1: 
0-15 22.8 35.2 42.0 4.0 44 26 3.5 
15-30 27.6 38.2 35.7 4.0 49 32 25 3.5 
30-45 27.5 38.4 34.1 3.2 51 31 24 3.0 
45-91 26.0 36.0 38.0 2.6 49 29 24 2.5 
91-120 21.7 25.2 53.1 0.5 46 27 22 2.0 
Lvsimeter 2; 
0-15 22.8 35.2 42.0 4.0 44 26 3.5 
15-30 27.6 38.2 35.7 4.0 49 32 25 3.5 
30-45 27.5 38.4 34.1 3.2 51 31 24 3.0 
45-91 26.0 36.0 38.0 2.6 49 29 24 2.5 
91-120 21.7 25.2 53.1 0.5 46 27 22 2.0 
Lvsimeter 3: 
0-15 22.8 35.2 42.0 4.0 44 33 26 3.5 
15-30 27.6 38.2 35.7 4.0 49 32 25 3.5 
30-45 27.5 38.4 34.1 3.2 51 31 24 3.0 
45-91 26.0 36.0 38.0 2.6 49 29 24 2.5 
91-120 21.7 25.2 53.1 0.5 46 27 22 2.0 
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Table 3. Dates of field activities in lysimeters from 1998 to 2000. 
Activity Year and date of activity 
1998 1999 2000 
Primary tillage 20 May 5 Mav 14 .A.pril 
Applying fertilizer and poultry manure 20 May 5 May 14 April 
Incorporating fertilizer and poultry manure 20 May 5 Mav 14 April 
Planting com (variety DK. 580) 21 May 10 May 8 Mav 
Cultivating in lysimeters 20 June 29 June 13 June 
Harvesting com 5 Oct. 12 Oct. 21 Sept. 
Table 4. Measured com yields (kg/ha) and calibrated parameters for GLEAMS model. 
Lysimeter Year Source of N Yield, Curve Effective root 
applied. kg-N/ha kg/ha number depth, cm 
LI 1998 168 kg-N/ha UAN 2484 70 120 
LI 1999 168 kg-N/ha UAN 6605 70 120 
Li 2000 168 kg-N/ha UAN 4831 70 120 
L5 1998 168 kg-N/ha UAN 5112 70 120 
L5 1999 168 kg-N/ha UAN 8295 70 120 
L5 2000 168 kg-N/ha UAN 7147 70 120 
L3 1998 168 kg-N/ha PM 6936 70 120 
L3 1999 168 kg-N/ha PM 8748 70 120 
L3 2000 168 kg-N^a PM 5405 70 120 
L6 1998 168 kg-N/ha PM 3983 70 120 
L6 1999 168 kg-N/ha PM 8457 70 120 
L6 2000 168 kg-N/ha PM 8600 70 120 
L2 1998 336 kg-N/ha PM 9879 70 120 
L2 1999 336 kg-N/ha PM 10000 70 120 
L2 2000 336 kg-N/ha PM 9843 70 120 
L4 1998 336 kg-N/ha PM 9700 70 120 
L4 1999 336 kg-N/ha PM 10005 70 120 
L4 2000 336 kg-N/ha PM 10090 70 120 
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Table 5. Summary- of statistical comparison of average measured and predicted subsurface 
drainage water from lysimeters under different N treatments. 
Year Measured Predicted Mean difference P > t  R- % Difference 
168UAN 
1998 28.0 26.6 0.45 0.62 0.99 4.8 
1999 34.2 34.6 -0.07 0.89 0.95 -1.0 
2000 7.2 8.7 -0.51 0.54 0.80 -21.7 
3-yr. average 23.1 23.3 -0.05 0.89 0.98 -5.6 
168PM 
1998 20.6 22.4 -0.61 0.51 0.99 -8.9 
1999 28.5 31.4 -0.58 0.31 0.98 -10.2 
2000 7.8 9.5 -0.57 0.50 0.96 -21.9 
3-yr. average 19.0 20.3 -0.58 0.10 0.99 -13.7 
336PM 
1998 24.6 23.1 0.49 0.16 0.99 6.0 
1999 35.0 32.8 0.45 0.16 0.99 6.4 
2000 9.3 9.6 -0.09 0.81 1.00 -2.8 
3-yr. average 23.0 21.8 0.32 0.08 0.99 3.2 
Table 6. Statistical comparison of average measured and predicted NO3-N concentration in 
subsurface drainage water from lysimeters under different N treatments. 
Year Measured Predicted Mean difference P > t  % Difference 
168UAN 
1998 15.3 16.3 -0.91 0.87 0.94 -6.0 
1999 9.2 8.5 0.67 0.69 0.45 7.3 
2000 7.1 8.9 -1.78 0.39 0.99 -25.1 
3-yr. average 10.5 11.2 -0.43 0.77 0.18 -7.9 
168PM 
1998 8.7 10.7 -1.96 0.69 0.98 -22.4 
1999 9.4 9.2 0.16 0.86 0.19 1.7 
2000 4.4 3.1 1.32 0.03» 0.36 29.8 
3-yr. average 7.5 7.7 -0.10 0.93 0.19 -3.0 
336PM 
1998 22.0 20.4 1.59 0.85 0.98 7.2 
1999 16.2 16.7 -0.50 0.77 0.13 -3.1 
2000 10.6 11.9 -1.32 0.57 0.99 -12.5 
3-yr. average 16.2 16.3 -0.15 0.94 0.10 -2.8 
* Average measured values were significantly different from average predicted values. 
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Table 7. Statistical comparison of average measured and predicted NO3-N loss in subsurface 
drainage water from lysimeters under different N treatments. 
Year Measured Predicted Mean difference P > t  R- % Differe 
168UAN 
1998 42.6 43.4 -0.23 0.91 0.96 -1.8 
1999 29.9 31.2 -0.24 0.58 0.98 -4.1 
2000 4.5 7.7 -1.07 0.23 0.97 -70.3 
3-yr. average 25.7 27.4 -0.46 0.39 0.97 -25.4 
168PM 
1998 22.4 22-8 -0.12 0.89 0.99 -1.8 
1999 27.5 30.4 -0.56 0.29 0.97 -10.3 
2000 J.J 2.2 0.30 0.36 0.86 32.6 
3-yr. average 17.7 18.5 -0.16 0.58 0.98 - 6 . 8  
336PIVI 
1998 52.3 49.4 0.93 0.57 0.99 5.5 
1999 56.4 53.4 0.62 0.07 0.99 5.4 
2000 9.7 12.1 -0.80 0.29 0.98 -24.8 
3-yr. average 39.5 38.3 0.32 0.47 0.99 4.6 
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Figure 1. Average monthly measured and simulated subsurface drainage water from 
lysimeters under different N treatments. 
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Figure 2. Average monthly measured and simulated cumulative subsurface drainage water 
from lysimeters treated with 168 kg-N/ha from UAN fertilizer. 
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Figure 3. Average monthly measured and simulated cumulative subsurface drainage water 
from lysimeters treated with 168 kg-N/ha from poultry manure. 
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Figure 4. Average monthly measured and simulated cumulative subsurface drainage water 
from lysimeters treated with 336 kg-N/ha from poultry manure. 
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Figure 5. Average monthly measured and simulated NO3-N concentrations in subsurface 
drainage water from lysimeters under different N treatments. 
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Figure 9. Average monthly measured and simulated cumulative NO3-N loss with subsurface 
drainage water from lysimeters treated with 168 kg-N/ha from pouItr>' manure. 
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Figure 10. Average monthly measured and simulated cumulative NO3-N loss with subsurface 
drainage water from lysimeters treated with 336 kg-N/ha from poultry manure. 
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CHAPTER 5. GENERAL CONCLUSIONS 
Excessive use of poultry manure on croplands is likely to impact the quality of 
surface and groundwater resources. A three-year study (1998 — 2000) was conducted on 
nine 0.4-ha plots and on six 2.1-m" lysimeters to investigate the effect of two N application 
rates from poultry manure and one N application rate of urea ammonium nitrate (UAN) 
fertilizer on surface and groundwater quality. Experimental treatments included N 
application rates of 168 kg-N/ha from UAN fertilizer, and 168 and 336 kg-N/ha from poultr>' 
manure to com {Zea mays L) in a com-soybean rotation. Subsurface drain water and runoff 
water samples were collected on weekly basis and analyzed for nitrate-nitrogen (NO3-N). 
orthophosphate (PO4-P), Escherichia coli. fecal coliform, and fecal streptococcus bacteria 
during the study period. 
The complexity of environmental and management factors affecting nonpoint source 
pollution makes experimental assessment of the environmental consequences of different 
management practices expensive and laborious. The Groundwater Loading Effects of 
.A.gricultural Management Systems (GLEAMS) v.2.1 model also was used to predict the 
effects of two N application rates (168 kg-N/ha and 336 kg-N/ha) from poultr>' manure and 
168 kg-N/ha from UAN fertilizer on subsurface drain flow, NO3-N concentration, and NO3-
N loss with subsurface drain flow. The simulation results were compared with three-year 
(1998-2000) average monthly measured data from 2.1-m' field lysimeters under com. The 
following major conclusions were drawn from this study: 
1. The use of poultry manure in field plots resulted in significantly higher com and 
soybean yields when compared with commercial N fertilizer. Application of poultry manure 
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did not result in any significant effect on the quality of com and soybeans grains in terms of 
protein, oil, and starch contents. 
2. The N application rate of 336 kg-N/ha from poultr>' manure resulted in the highest 
NO3-N and PO4-P concentrations in subsurface drain water in comparison with the N 
application rates of 168 kg-N/ha from UAN and 168 kg-N/ha from poultr>- manure. The N 
application rate of 168 kg-N/ha from poultry manure resulted in significantly lower NO3-N 
loss Writh subsurface drain water in comparison with NO3-N loss from the other treatments. 
3. The N application rate of 336 kg-N/ha from poultr>' manure resulted in higher 
concentration of PO4-P in surface nmoff in comparison with the lower N application rate of 
168 kg-N/ha form poultry manure. Higher concentrations of PO4-P also were observed in 
surface runoff when compared with PO4-P concentration in subsurface drain water. 
4. The N application rate of 336 kg-N/ha from PM resulted in higher concentrations of 
fecal streptococcus, Escherichia coli. and fecal coliform bacteria in surface and subsiu^ace 
drain water in comparison with N application rate of 168 kg-N/ha from PM. In addition, 
surface runoff water had higher concentration of fecal streptococcus and E. coli in 
comparison with subsurface drain water. 
5. The GLEAMS model was capable of simulating subsurface drain flow from 
168UAN, 168PM. and 336PM treatments, giving mean differences of -0.05, -0.58. and 0.32 
cm. respectively. The model was capable of predicting overall NO3-N concentration in 
subsurface drain water from lysimeters under 168UAN. 168PM, and 336PM treatments 
reasonably well, giving mean differences of -0.43, -0.10, and -0.15 mg/L, respectively. The 
results also show that there were no significant differences (P = 0.05) between measured and 
simulated NO3-N losses with subsurface drain water, giving mean differences of -0.46, -
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0.16. and 0.32 kg/ha, for 168UAN. 168PM. and 336PM treatments, respectively. These 
results show that GLEAMS model can be used as a viable management and decision­
making tool to assess the impacts of alternative nitrogen application treatments on water 
quality and agricultural production. 
RECOMMENDATIONS FOR FUTURE RESEARCH 
1. The environmental impacts of poultrv' manure application to agricultural land in 
Iowa were not fully understood. This research acted as a benchmark from which 
more long-term research can be conducted. Long-term research would be useful in 
order to come up with valid conclusions about the effects of poultry manure on water 
qualit>' and best management practices in Iowa. 
2. The effects of cropping systems (com-soybean rotation) were not properly 
investigated in this study because of growing two crops (com and soybeans) on the 
same plot. It would have been better if only one crop was grown per plot. This 
would have allowed us to know the actual source of the nutrients in surface and 
subsurface drain water from the entire plot. In the present cropping system, it was 
difficult to know if nitrogen fixed by soybeans was also contributing to the N loss 
with subsurface drainage water. 
3. Future research needs to be expanded to a larger landscape scale and would like to 
see another research project where similar water quality data are collected over a 
watershed scale. 
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